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Business Session—Frank P. McKibben, 
President, presiding. 
(a) President’s report on Society ac- 
tivities. 
(b) Tellers’ Report on Election of Offi- 
cers. 
(c) Miller Medal Award. 
(d) Review of Section activities by 
Chairmen Local Sections. 
(e) Discussion. 
Luncheon (Optional), Florentine Room, at 


90 cents. 
Afternoon 
2:00 P.M. 
J. J. Crowe, Senior Vice-President, pre- 
siding. 


(a) Report Pressure Piping Code Com- 
mittee, by T. W. Greene, Chairman. 

(6) Discussion. 

(c) Report Committee on Use of Welded 
Steel Parts for Machinery Con- 
struction, by G. D. Spackman, 
Chairman. 

(d) Discussion. 


Evening 
Dinner (Optional), Florentine Room, at 
$1.25. 


8:00 P.M. 

A lecture on “Structural Steel Welding,”’ 
by Prof. Frank P. McKibben. 

Presiding Officer—J. B. Tinnon, Chair- 
man, Meetings & Papers Committee. 


Friday, April 28, 1933 


Morning 

9:45 A.M. 

F. T. Llewellyn, Past-President, presiding. 
A lecture on “The Need for Coopera- 
tive Effort under Changed Condi- 
tions,’’ by Charles F. Abbott, Execu- 
tive Director, American Institute of 
Steel Construction. 

A lecture on ‘“Welding—A Factor in 
Industrial Revival,” by Willard T. 
Chevalier, Publishing Director, En- 
gineering News-Record and Construc- 
tion Methods. 

Luncheon (Optional), Florentine Room, at 
90 cents. 

Afternoon 

2:00 P.M. 

Meeting of American Bureau of Welding, 
C. A. Adams, Director, presiding. 

( Committee Reports. 
6) Election of Officers, etc. 
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ANNUAL MEETING, — ere 
AMERICAN Evening 
WELDING SOCIETY Dinner meeting, Board of Directors, 
Frank P. McKibben, presiding. 
APRIL 27, 28, 1933 vases 
Hotel Governor Clinton, ; 
7th Avenue at 31st Street, Elihu Thomson Honored 
New York Preliminary plans for a dinner on 
March 29th, at which leaders in science, 
Thaveday, Agel 27, 1968 engineering and industry will honor Dr. 
Morning Elihu Thomson, the distinguished engi- 
es — Main lobb neer and inventor, upon the occasion of 
my a —_ y his eightieth birthday, have been an- 


nounced. 

The dinner is to be held at the Massa- 
chusetts Institute of Technology, of 
which Dr. Thomson was acting president 
from 1920 to 1922 and of which he is now 
a life member, 

International in its significance, the 
dinner will ‘bring together distinguished 
representatives of the electrical industry 
to which Dr. Thomson has made so many 
important contributions, leaders from 
educational institutions and officers of 
the various scientific academies, profes- 
sional societies and technical organiza- 
tions. 

Preliminary plans for the tribute to 
Dr. Thomson provide for an afternoon 
conference on topics significant to the 
occasion. These include the historical 
development of the applications of elec- 
tricity, the recent experimental trends and 
latest theories of electricity and matter. 

In connection with this meeting, plans 
are being made for an impressive exhibit 
of many of Dr. Thomson’s inventions 
and contributions in the electrical field. 

The committee in charge of arrange- 
ments consists of Professor D. C. Jack- 
son, Chairman, Professor Gustav C. Dahl, 
Secretary, and Dr. Charles G. Abbott, 
Dr. James R. Angell, Dr. William W. 
Campbell, Mr. Harry P. Charlesworth, 
Dr. Karl T. Compton, Dr. Harvey W. 
Cushing, Mr. Nelson J. Darling, Mr. 
Alexander Dow, Dr. Paul D. Foote, 
Mr. William C. Forbes, Professor Jere- 
miah D. M. Ford, Dr. Thomas S. Gates, 
Dr. George E. Hale, Mr. Nathan Hay- 
ward, Dr. Frank B. Jewett, Dr. Arthur 
E. Kennelly, Mr. John C. Lincoln, Dr. 
Arthur D. Little, Dr. A. Lawrence Lowell, 
Dr. Roland S. Morris, Dr. Calvin W. Rice, 
Mr. E. Wilbur Rice, Jr., Mr. Andrew W. 
Robertson, Mr. Albert L. Rohrer, Mr. 
Clayton H. Sharp, Mr. Ambrose Swasey, 
Mr. Gerard Swope and Mr. Edwin S. 
Webster. 


Canadian Activities 
Largely through the efforts of Mr. J. R. 
Blanchard of the AMERICAN WELDING 


Socrety, considerable interest has been 
aroused in welding in the province of 
Quebec. Two large meetings were re- 
cently held devoted to welding. At one 
a paper entitled, “Aluminum Welding 
for a Chemical Plant,’’ was presented by 
Mr. J. R. Blanchard, Associate Member 
of the Society. Exhibits showing different 
types of joints were on hand for dis- 
cussion. The meeting lasted one hour 
and a half and all were satisfied with the 
experience and technique acquired. 

At the other meeting the latest develop- 
ments in oxyacetylene welding were 
featured. 

Among those present were some of the 
officials of the different plants in Shaw- 
inigan Falls, a few master mechanics, a 
number of machine shop foremen, ma- 
chinists, and students of the Shaw. 
Technical School and the rest were visitors 
and welders. 

The special attraction of the evening 
was the presentation of six reels of motion 
pictures, two of which were the latest 
development of welding torch design for 
high-speed welding known as the Linde- 
welder. 

Other reels were very interesting, show- 
ing different jigs and fixtures for the 
assembly of autobodies, foundry work 
and the fabrication of the Frigidaire. 

The Society is very much indebted to 
the Dominion Oxygen Co. for their very 
fine cooperation in this line of work. 


—— 


Welding Course Offered In 
Cleveland 


(From News Release.) 


“Back to School’ is the slogan being 
adopted by many engineers who are 
using this period of lessened activity to 
improve their knowledge of new develop- 
ments. To accommodate such men and 
because similar courses offered earlier in 
the winter were so successful, The John 
Huntington Polytechnic Institute, Cleve- 
land, in cooperation with The Lincoln 
Electric Company, will offer another 
course in “Designing for Welded Con- 
struction,’ beginning April 3rd. 

The course consists of a week of in- 
tensive work, six days being spent in 
the welding school of The Lincoln Electric 
Company. Here demonstrations are 
given and practice obtained in the opera- 
tion of the electric arc. 

Each evening from Monday to Friday, 
a lecture on designing for arc-welded 
construction is given at John Huntington 
Institute. 

Approximately 25 men attended the 
course just completed. Included were 
one president of a tool company, a state 
highway bridge designer, several chief 
draftsmen and structural designers and 
engineers from six different states. 

Enrollment for the next course is 
limited to 30 men. Applicants should be 
college graduates in engineering or have 
equivalent practical experience. The 
course is pianned for designing engineers, 
machine designers, chief draftsmen, struc 
tural engineers and others in similar 
positions who are interested in improving 
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their knowledge of design for welded 
construction. Instruction is given in 
the operation of the arc so that the de- 
signer will be thoroughly familiar with 
the problems of arc welding from a 
practical or operator’s standpoint. 


Further information concerning the 
course may be secured from Alfred 
Mewett, Dean, John Huntington Poly- 
technic Institute, Cleveland, or E. W. P. 
Smith, Consulting Engineer, Box 683, 
Cleveland, Ohio. 





Section 


BOSTON 


The March meeting of the Section was 
held on the 17th in Room 1410, United 
Shoe Machinery Building, 50 High Street, 
Boston, at 7:30 P.M. Movies were shown 
and experiments performed, as shown 
by the following program: 

Sound Film—"Brighter Times Ahead.” 

“The Design and Application of Vacuum 
Tubes to Industry.”” Speaker, Dr. A. J. 
Moore. 

“House of Magic Experiments and 
Vacuum Tubes,” conducted by F. W. 
Bliss. 

“Thyratron Control Applied to Resist- 
ance Welding.””’ Speaker, W. B. Parker. 

Sound Film—‘‘Romance of Power.” 

All speakers in this program are asso- 
ciated with the General Electric Company. 

On April 21st, the meeting of the Boston 
Section will be devoted to the arc welding 
of vessels as carried on by the United 
States Navy. Mr. J. E. Potter, Boston 
Navy Yard, will be the speaker. Lantern 
slides will be used. 


CHICAGO 


The February meeting of the Chicago 
Section was held on the 17th. “Welding of 
Pressure Vessels” was the subject of an 
illustrated lecture by Mr. Jules Muller, 
Chief Engineer, Hollup Corporation. As 
Mr. Muller has had extensive experience 
in the design and testing of welded pres- 
sure vessels, both large and small, he cov- 
ered the relative economies of riveting and 
welding, the procedure used and methods 
and interpretation of tests, in an instruc- 
tive and interesting manner. 

Mr. E. B. McGuire, Manager, Hamler 
Boiler & Tank Company, discussed ‘The 
Qualification of Welders.” 


LOS ANGELES 


Continuing with its “Boost Welding” 
Program the Los Angeles Section held its 
regular monthly meeting on February 
16th. “Some Factors Governing the 
Choice of Welding Electrodes” was pre- 
sented by Wayne Howard, Testing Engi- 
neer, Consolidated Steel Corp. ‘‘Data on 
the All-Welded Vessel, YF-221,” paper 
written by Capt. P. B. Dungan, U. S. N., 
and presented by V. M. Goode, C.M.M., 
U.S. S. Medusa. YF-221 is an all-welded 
freight lighter constructed in the Navy 
Yard, Brooklyn, N. Y. 





Activities 


NEW YORK 


A lecture on “The Practical Design of 
Welding Steel Structures’’ will be presented 
at the New York Section meeting March 
23, 1933, by Mr. H. M. Priest, Designing 
Engineer, American Bridge Company. 
The meeting will be devoted to the in- 
terests of rational design and fabrication 
of structural steel for building purposes. 


PHILADELPHIA 


The regular monthly meeting was held 
on February 20th. The subject of the 
meeting was “Gas Welding.”” Mr. R. F. 
Helmkamp, Applied Engineering Dept., 
Air Reduction Sales Company, spoke on 
“Mechanical Cutting and Flame Machin- 
ing.” Mr. F.C. Clark, Technical Publicity 
Dept., Linde Air Products Company, spoke 
on “Bronze Welding by the Oxyacetylene 
Process.’”’ There was a good attendance and 
both speakers presented excellent papers. 

A joint meeting of the Philadelphia 
Chapter, American Institute of Architects, 
Philadelphia Section, A. S. M. E., Phila- 
delphia Chapter, A. S. S. T. and the 
Philadelphia Section of the AMERICAN 
WELDpING Socrety, was held on February 
23rd. The subject of the meeting was 
“Stainless Steel.” The speakers of the 
evening were Marcus A. Grossman, Re- 
search Engineer, Illinois Steel Company, 
who spoke on “‘Development of Stainless 
Steels and the Present State of the Art,” 
and D. T. Haddock, Consulting Engineer, 
American Sheet and Tin Plate Company, 
who spoke on “Stainless Steel Available 
Types, Uses and Applications.” 

A special feature of this meeting was an 
interesting exhibit of stainless steel prod- 
ucts which was presented in classified dis- 
plays made possible through the courtesy of 
the stainless steel producers and fabricators. 


The March meeting will deal with 
“Welding Highway Bridges,” and Mr 
Harry K. Ellis, County Engineer, Chester 
County, Pa., will tell of the “Experiences 
of a County Engineer in Repairing and 
Strengthening Highway Bridges.’’ Mr. 
Joseph G. Shryock, Chief Engineer, Bel- 
mont Iron Works, will talk on ‘‘ Moderniz- 
ing Existing Metallic Bridges by Re- 
Decking and Arc Welding.”’ 


PITTSBURGH 


In his paper on “Machine Cutting by 
the Oxyacetylene Process,’’ presented at 
the February 15th meeting of the Pitts- 
burgh Section of the A. W. S., by Richard 
F. Helmkamp, Applied Engineering De- 
partment, Air Reduction Sales Company, 
New York, was outlined the oxyacetylene 
cutting process, the flexibility of gas cut- 
ting of common sections and the decreasing 
flexibility as the thickness of the section 
increases. Mr. Helmkamp dealt specifi- 
cally with the set-up as regards oxygen 
manifolds, regulator equipment, hose and 
hose connections and other matters essen 
tial to supplying the volume of oxygen 
necessary in heavy cutting. He showed 
two tables which gave the tip sizes, gas 
pressures, gas consumptions and cutting 
speed for sections up to 18 in. 

Of particular interest was his discussion 
of the process of flame machining with the 
cutting torch. Using standard tips, 
grooves may be cut out of solid stock, 
threads cut on large screws and many 
other applications. This work is done 
quickly, efficiently and the resultant finish 
is exceptionally smooth. This is a new de- 
velopment which holds great promise for 
the future. 

On March 15th, a joint meeting was 
held with the Engineers Society of Western 
Pennsylvania in the Cardinal Room of the 
William Penn Hotel. Robert Notvest, 
Welding Engineer for the J. D. Adams 
Manufacturing Company of Indianapolis, 
Ind., manufacturers of road building and 
maintenance machinery, presented a paper 
on “‘Correct Technique for the Arc Welding 
Process in Modern Manufacturing.” 


SAN FRANCISCO 


The San Francisco Section held its Feb- 
ruary meeting on the 21st, at the plant of 
the Columbia Steel Company. Members 
were escorted by department heads through 
the plant and the processes were described 
in detail. An interesting program was 
arranged. 





EMPLOYMENT SERVICE BULLETIN 


SERVICES AVAILABLE 


A-189. Electric welder desires position. 
welding of heavy machinery and oil-tight vessels. 


Three years’ experience in constructive 
Completed a two-year apprenticeship 


to learn welding trade at Allis-Chalmers Mfg. Co. in Milwaukee. 


A-190. Welder experienced in electric and acetylene welding on all kinds of work 
Last ten years with Westinghouse Elec. & Mfg. Co., two years as group leader of welders 


with this Company. 
welding. 


Some experience on inspection of welds. 


Hand and automatic 
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Abstracts from Paper 
on Tests of Cellular 
_ Sheet-Steel Flooring 


By J. M. FRANKLAND 
and H. L. WHITTEMORE 


+Paper printed in Bureau of Standards Journal of Re- 
search, Vol. 9, August 1932. Mr. Frankland and Mr. Whitte- 
more are connected with the U. S. Bureau of Standards. 


I. Introduction 


HEET steel, which is now one of the leading products 

of the steel industry, can be readily formed into 

corrugated sheets in thicknesses up to 7 gage.! 
The load-carrying properties of these sheets may be 
materially increased by adding another sheet, flat or 
corrugated, to form a cellular construction. The two 
sheets may be either riveted or welded together, the 
latter process being particularly adapted to large-scale 
production. A panel made in such a way would be 
characterized by longitudinal stiffening cells. Such a 
construction lends itself to an economic use of the ma- 
terial, as much of it as possible being stressed to the 
allowable working stress, resulting in a beam of high 
strength in proportion to its weight. 

Panels of this sort seem well suited for the construction 
of floors. They could be shop fabricated and shipped to 
the construction site where they would be available for 
rapid placing to form a continuous working floor as soon 
as the beams were erected to carry them. The cellular 
structure provides also a system of ducts which appears 
to offer possibilities of considerable economy in running 
plumbing, heating and ventilating, electrical and com- 
pressed air-lines. 

Experiments by a manufacturer resulted in the de- 
velopment of two types of sheet-steel cellular floor panels 
which appeared to have sufficient strength. These are 
shown in Figs. 1 and 2. The panels are 2 ft. wide and 





1 0.188 Inch 


United States standard gage for sheet, plate, iron and steel. 





Fig. l—End View of Floor Types A, B and C 
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Fig. 2—Sections of Floor Panels. The Average Numerical Values of the 
Dimensions Indicated by Letters Are Given in Table 2 for Each Specimen 


any desired length up to 12 ft. 
by spot welds. 

The manufacturer’s experiments indicated that panels 
weighing in the neighborhood of 10 lb./ft.? would be 
adequate for most floor loads. The dead load of such 
a floor would consequently be due for the major part to 
the fireproofing and floor finish. It has been estimated 
that with this construction there can be saved about one- 
half of the dead load due to the floor compared to con- 
structions now in common use, this saving varying some- 
what with the live load and being subject to modification 
according to local requirements for fireproofing. 

Before putting such a new construction into service, 
it was considered advisable to make a thorough study of 
the panels under load to see how closely their performance 
could be predicted by conventional engineering theory. 


The sheets are joined 


II. Acknowledgments 


The American Institute of Steel Construction spon- 
sored the investigation, which was made under the 
research associate plan at the Bureau of Standards. 
The specimens were designed and manufactured by the 
H. H. Robertson Co., Pittsburgh, Pa. Dr. A. H. 
Stang and L. R. Sweetman, of the bureau staff, assisted 


in the analysis of the problem and in making the tests. - 


Ill. 


The specimens were of three types, sections of which 
are shown in Fig. 2. Types A and C consisted of two 
corrugated sheets and type B of one corrugated sheet 
and a flat sheet, the bottom sheets being of the same 
dimensions for each type. The corrugated upper 
surface was designed to bind with a surface slab of con 
crete or similar material. The troughs in the top sheet 
also offer certain advantages in laying pipes and ducts. 
If a concrete slab is not used, the troughs can be covered 
with sheet-metal channels to give a smooth upper pane! 
surface. Cork, rubber tile or linoleum may be laid 
directly on the flat top sheet of the panels of type B. 
Different strengths were obtained by varying the thick- 
nesses of top and bottom sheets. Type C differed from 
type A in having the lower corrugations cut away for 4 
distance of 6 in. from each end, the projecting portion 
of the top sheeting being reinforced in the manner show! 
in Fig. 1. There was no reinforcement of the welds at 
the ends of the bottom corrugations. The object of tis 


Description of the Specimens 
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design was to enable this type of panel to be framed into 
the floor beams with the top sheet lying directly on the 
upper flange, thus reducing the distance from the 
finished floor surface to the ceiling immediately below. 

Where the top and bottom sheets of a panel were in 
contact between the cells, they were joined by two rows 
of */s-in. spot welds, the welds being about 1!/, in. 
apart in each row. The horizontal portion of the as- 
sembled section where these welds occur will be spoken 
of subsequently as the web. In all specimens the bottom 
sheet was made in two parts separated down the center 
web. In all the specimens numbered X through XXIV 
the top sheet was in one piece, this representing the latest 
manufacturing method. The top sheets of specimens 
I through IX were made in two pieces. with the separa- 
tion occurring down the center web, this type of con- 
struction being clearly shown in the type A panel of 
Fig. 1. In all type B specimens the top sheets were in 
one piece. 

The top sheet of the panels was bent down on either 
side for a lateral connection to adjacent panels when 
erected. 

The specimens were uncoated showing the mill scale 
on the sheets except for numbers I, VI, X, XI and XII, 
which had been given one coat of paint inside the cells 
as well as on the outside surface. 

All specimens were 24 in. wide and either 10 or 11 ft. 
long. The cells were spaced 6 in. on centers and in 
types A and C were 5°/s in. deep, in type B 4*/s in. deep. 

A specimen will be described hereafter by its type 
letter, followed by the gage numbers of the top and 
bottom sheets, respectively. The gage used is the 
United States standard gage for sheet, plate, iron and 
steel. The nominal thicknesses in inches, together 
with the maximum and minimum values observed, may 
be found in Table 1. The relative variation of thickness 
in any one sheet was much less. When the bottom 
corrugations were made from material lighter than 16 
gage, preliminary experiments by the manufacturer had 
shown that the cell bottoms are liable to crumple over 
the support. To avoid this the cell bottoms of the 
A16-18 specimens tested were reinforced at the ends by 


pieces of 18-gage sheet of the same shape and 6 in. long 
which were welded to the webs, giving in effect a double 
cell bottom over the supports. 

The first group of specimens, numbered I to XII, 
were manufactured on a power cornice brake, the di- 
mensions being obtained by hand setting of the sheet in 
the machine. These will be referred to later as ‘“‘hand- 
set specimens.’’ They were characterized by a certain 
irregularity in the dimensions and a lack of evenness 
in the load-bearing surfaces. Specimens XII to XXIV 
were formed in the same machine over dies which gave 
much more uniform dimensions. 





Table 1—Thickness of Sheets 








Nominal Actual Thickness 
Gage Thickness, Min. Max 
No. Inch Inch Inch 
12 0.107 0.097 0.114 
14 0.077 0.069 0.083 
16 0.061 0.056 0.066 
18 0.049 0.044 0.051 








The sheets were joined in all cases by resistance spot 
welding with */;-in. diameter welds. In the form of 
spot welding used, projection welding, small projections 
are formed on one of the sheets at the places where the 
welds are to be made. A hand-operated machine mak- 
ing one weld at a time and with the current controlled 
by a time switch was used on the first 12 specimens. The 
remaining specimens were welded on a multiple machine 
with full automatic control. Specimens XV, XXII, 
XXIII and XXIV were welded on the automatic 
machine after its operation had been improved. 

The dimensions of each cell and web were taken at 
both ends of a specimen and the results averaged to 
obtain data from which the moment of inertia and neu- 
tral axis location could be calculated. The measure- 
ments were taken to the nearest sixteenth of an inch, 
and the averaged results expressed to the nearest 








Table 2—Description and Dimensions of Floor Specimens 


[The dimensions designated by letters are shown in Fig. 2] 


a b c f 
Panel Type Inches Inches’ Inches Inches 
I A14-16 3.86 1.29 2.04 2.09 
II A14-16 3.91 1.29 2.16 2.16 
Il Al14-16 3.90 1.32 2.07 2.13 
IV A16-18 3.89 1.29 2.12 2.13 
V Al16-18 3.88 1.31 2.15 2.12 
VI Al16-18 3.90 1.28 2.08 2.11 
VII C14-16 3.88 1.29 2.14 2.18 
Vill C14-16 3.84 1.29 2.09 2.12 
IX C14-16 3.88 1.31 2.10 2.16 
x B16-16 3.76 0 2.10 2.16 
XI B16-16 3.80 0 2.07 2.12 
XII B16-16 3.72 0 2.11 2.18 
XII Al4-16 3.94 1.26 2.05 2.06 
XIV A16-18 3.81 1.23 2.22 2.12 
XV B16-16 3.82 0 2.12 2.20 
XVI Al4-14 3.88 1.24 2.10 2.17 
XVII Al4-14 3.91 1.27 2.10 2.15 
XVIII Al4-14 3.91 1.25 2.11 2.14 
XIX A12-12 3.91 1.24 2.15 2.32 
xX A12-12 3.92 1.25 2.11 2.28 
XXI A12-12 3.88 1.25 2.11 2.27 
XXII Al4-16 3.92 1.25 1.98 2.19 
XXIII A14-16 3.88 1.24 2.00 2.12 
XXIV Al4-16 3.87 1.24 2.02 2.14 


Nominal 


h w ty ty Length, weight, 
Inches Inches Inc Inch Feet Lb./ft.! 
5.64 24.78 0.074 0.060 11 10.50 
5.65 24.44 0.075 0.062 11 10.50 
5.69 24.31 0.074 0.061 11 10.50 
SEN ae 0.060 0.049 11 8 50 
5.60 24.50 0.060 0.047 11 g By) 
5.66 24.44 0.061 0.049 11 8.50 
5.66! 24.47 0.075 0.062 11 10.50 
5.66! 24.50 0.075 0.062 11 10.50 
5.66! 24.03 0.079 0.062 11 10.50 
4.35 24.22 0.057 0.060 11 8 25 
4.35 24.34 0.060 0.059 il 8 95 
4.37 24.13 0.060 0.060 11 8.25 
5.70 24.00 0.076 0.065 11 10.50 
5.64 24.38 0.063 0.049 11 8.50 
4.34 24.00 0.061 0.060 il 8.25 
5.71 24.50 0.077 0.079 il 11.50 
5.71 24.12 0.077 0.079 ll 11.50 
5.70 24.12 0.077 0.079 11 11.50 
5.53 24.25 0.108 0.105 10 16.10 
5.57 24.00 0.113 0.100 10 16.10 
5.61 24.06 0.108 0.101 10 16.10 
5.64 23.88 0.080 0.064 11 10.50 
5.66 23.75 0.080 0.064 11 10.50 
5.66 23.81 0.079 0.064 ll 10.50 








‘ Calculated from average height of hand-set Al4-16 specimens. 
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circles indicate soot welds’ —* 
Fig. 3—Specimen for Determining Shearing Strength of Weld 


hundredth. Average dimensions and descriptions of the 
specimens are given in Table 2. Since the deviations 
in the dimensions of the most irregular panels did not 
produce differences of more than 2 per cent in the 
moments of inertia calculated cell by cell and from the 
averaged dimensions, it was not felt worth while to list 
the dimensions of the particular parts. 


IV. Tensile Tests of the Material 


The principal requirements of the usual commercial 
grades of black sheet steel are that the sheets should have 
a good surface and a high ductility to undergo various 
forming operations. They are not primarily intended 
for structural purposes. It was, therefore, desirable to 
investigate the structural properties, tensile strength, 
yield point and Young’s modulus of elasticity of the 
material used in these floor panels. 

Based on strength and yield-point determinations, 
the material was of three types: 

1. Sheets having yield points of 20 to 28 kips/in.? 
(one kip equals 1000 lb.) and tensile strengths to 38 to 
48 kips/in.*? The elongation in 2 in. ranged from 30 to 
40 per cent. At the yield point there was a sharp drop 
of beam, the load falling off considerably. 

2. Sheets having yield points of 35 to 47 kips/in.? 
and tensile strengths of 46 of 50 kips/in.? There was 
a marked drop in load at the yield point. The elonga- 
tion was as great as for the first type. 

3. Sheets having tensile strengths of 50 up to 70 
kips/in.? and a lower elongation than the preceding types. 
The yield points ranged from 29 to 52 kips/in.* The 
elongations were in the neighborhood of 25 per cent. 
At the yield point the drop of beam was not so pro- 
nounced and occasionally the load remained nearly 
constant. 

Only a small proportion of the specimens were of the 
third type and these were all from 16- and 18-gage ma- 
terial. The higher strength appears to be due to cold 
working at the mill. The second type of sheet was 
made from open-hearth steel rolled on a continuous strip 
mill. 

The first type of material was found only in the first 
12 panels, which also included some of the second type. 
All but one of the tensile coupons taken from panels XII 
through XXIV were of the second type, the exception 
being a 16-gage sheet of the third type. 


V. Shearing Strength of the Welds 


1. General.—The loads applied to the top surface 
of the floor panels caused shearing forces on the welds 
joining the top and bottom elements. It is obviously of 
importance to know what shears may be safely applied 
to spot welds such as those used in the cellular floor. 
A series of tests was conducted to obtain data on this 
point. 

2. Methods of Testing—The test of a spot-welded 
joint in shear alone presents certain difficulties. If a 
joint with a single lap is pulled in tension, the eccentric 


loading produces a couple tending to rotate the join of 
the two parts. In sheet metal this tends to split the 
joint apart aud to produce buckles about the weld. If 
a double lap is used, the strength of the joint is consider- 
ably increased and fracture may occur outside of the 
welds; in fact, double lap joints in 14-, 16- and 18-gage 
sheet containing two */3-in. diameter welds were tested 
to destruction and all broke by tearing of the strip inside 
the cover plates. 

A variety of joints containing 1, 2 and 3 welds were 
obtained and tested in tension. From these results a 
satisfactory specimen was designed as shown in Fig. 3. 
It consists essentially of two channel-shaped sections 
from the steel sheet lapped back to back and welded 
with a single spot. In order to grip the specimen in the 
jaws of the testing machine, the channel flanges were cut 
away at the ends. It was found necessary to reinforce 
the gripped portion of the specimen by welding on a strip 
along the back of each channel. The specimens were 
projection welded using a technique as close as possible to 
the welding methods used in fabricating floor. Such 
specimens in 14-, 16- and 18-gage sheet containing one 
3/s-in. diameter spot weld fractured in the weld without 
appreciable bending of the channels or buckling of the 
sheet about the weld. 

The specimens were tested in tension in a 100,000-Ib 
Amsler machine using the 10,000-lb. range. The auto- 
graphic recording apparatus supplied with the machine 
was used on an 8-in. gage length, so that a load-extension 
curve was obtained in each case. 

3. Results —The specimens described in the preced- 
ing section are noted below by the type letter G, followed 
by the gage number of the sheet, and an individual speci- 
men number to distinguish those of the same gage. 
Six specimens each of 14-, 16- and 18-gage sheet were 
tested. The results are summarized in Table 3. 

The gross area of the fractured surface of welds was 
estimated by assuming an elliptical shape and measuring 
two perpendicular diameters to the nearest 0.01 inch. 
The net area was obtained from the gross area by de- 
ducting for the larger blow-holes. Both figures are, 
of course, only approximate, as are also in corresponding 
degree the stresses derived from them. The maximum 
load is definitely the more significant figure. 

The autographic records showed that failures were pre- 
ceded by little or no plastic deformation. The single 





. 4—Typical Failures of t Welds in Negative Bearing for Chan! 
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Table 3—Strength of Welds 


Shearing Shearing 
Maxi- Gross Strength Strength 
mum Areaof Net Area on Gross on Net 
Load, Weld, of Weld, Area, Area, 
Specimen Type of Failure Kips Sq. In. Sq. In. Kips/In.* Kips /In.? 


Gli4-1 Negative bearing 4.59 - al rs ea 
G14-2 Shear 3.39 0.105 0.102 32.3 33.2 
G14-3 Shear 4.02 0.119 0.117 33.8 34.4 
G144 Shear 3.86 0.101 0.099 38.2 39.0 
G14-5 Shear 3.64 0.095 0.087 38.3 41.8 
G14-6 Shear 3.75 0.108 0.104 34.7 36.1 
G16-1 Shear 2.94 0.075 0.074 39.2 39.7 
G16-2 Negative bearing 2.61 aa ee oh ent 
G16-3 Negative bearing 2.57 

G16-4 Negative bearing 2.24 

G16-5 Negative bearing 2.43 * se de hatin “ 
G16-6 Shear 2.49 0.058 0.055 42.9 45.3 
G18-1 Negative bearing 2.91 yh its Thy sae 
G18-2 Shear 2.83 0.104 0.057-0.090 27.2 31.4-49.6 
G18-3 Negative bearing 2.81 wae ace aa 

G18-4 Negative bearing 3.09 

G18-5 Negative bearing 2.87 

G18-6 Negative bearing 3.14 








exception to this was G18-3, which failed by the weld 
tearing out of the sheet. The ultimate strength of the 
weld is, therefore, a measure of the permissible design 
loads. 

Those specimens in which the weld metal itself did 
not shear failed by the weld spot tearing out of the sheet. 
On the side of a weld toward the gripped end of that por- 
tion of the specimen there exists a concentrated tensile 
“negative bearing stress,’’ analogous to the compressive 
bearing stress in the plate of a riveted joint. Where 
compressive failure occurs in the plate in the riveted 
joint, the material in each sheet parts in tension in the 
welded joint. Failure progresses by the welded regions 
twisting and tearing out of the sheets. Figure 4 shows 
late stages in the failure in ‘negative bearing’ of two 
16-gage specimens, one single-lap and one channel type. 
Some of the failures of this kind appeared to start in 
defective material near the edge of the weld and then 
spread to the edge of the unfused material. 

The fractures of welds that broke in shear presented 
a variety of appearances. The welding of specimens 
G16-1 and G16-6 was defective, the former containing 


three weld spots of gross areas 0.019, 0.008 and 0.048 
sq. in., and the latter containing two spots of gross areas 
0.013 and 0.045 sq. in. Apparently the sheets were in 
good electric contact at more than one place due to a 
poorly made projection or to uneven surfaces. The 
welds in both specimens contained oxide inclusions. 
The weld in G18-2 contained coarse radial blow-holes 
about the periphery, there being also a central region 
with large voids. Tarnish in the center suggests that 
there was poor adhesion in that portion, but the tarnish 
may possibly have occurred following fracture. In the 
14-gage specimens all the sheared welds contained blow- 
holes, in some cases only one at the center, while in 
others there were many fine radial blow-holes. In the 
latter cases the surface of fracture showed considerable 
curvature through points of weakness. Where the weld 
contained only a few circular blow-holes, the fracture 
presented the appearance of a broken piece of coarse- 
grained ductile material. 

Application of conclusions drawn from these tests 
must necessarily be restricted to material of the same 
grade of sheet steel and to welds of the same size made 
under similar conditions. Higher strength material 
would be expected to show higher values, at least in 
negative bearing. 

It is evident that the gage and the tensile strength of 
the sheet determine whether shearing or negative bearing 
failure will occur. Below a certain thickness the con- 
centration of tensile stress at the edge of the weld will 
produce negative bearing failure before the shearing 
strength of the weld is reached. Above this thickness 
the load required to shear the weld will not produce the 
requisite tensile stress to produce a failure in negative 
bearing. The specimens may be distinguished on this 
basis. The 16- and 18-gage specimens all broke in 
negative bearing with the exception of Gl6-1, G16—6 
and G18-2, in which the welds were defective. The 
14-gage specimens broke by shearing of the weld, the 
sole exception to this being G14—1, in which the weld was 
evidently of much greater shearing strength. In general, 
then, material of 14-gage or heavier may be expected to 








Table 4—Strength Properties of Panels 


Equivalent Uniform Load 
on 10-Ft. Span 


Set after 
Limiting Propor- Limiting Propor- Maxi- Loading to 
Deflection tional Maximum Deflection tional mum Limiting 
Span, Load, Limit, Load, Load, Limit, Load, Deflection, 
Panel No. Description Ft. In. Kips Kips Kips Lb./Ft.2 Lb./Ft.? Lb./Ft.? In. 
I Al4-16 10 0 8.5 9.0 18.61 425 450 930 
Il A14-16 10 0 9.2 11.0 17.65 460 550 882 me 
III Al14-16 10 0 9.9 9.0 16.99 495 450 850 0.008 
IV Al6-18 10 6 6.2 10.0 17.25 326 525 906 
V Al16-18 10 6 5.7 11.0 17.00 299 578 892 0.010 
VI Al16-18 10 6 6.5 6.5 15.77 341 341 828 
VII C14-16 10 6 7.5 6.0 13.67 394 315 718 
VIII C14-16 10 6 8.0 8.2 14.35 420 430 753 0.016 
IX C14-16 10 6 8.4 3.8 15.30 441 200 803 
xX B16-16 10 0 5.7 6.0 11.54 285 300 577 
XI B16-16 10 0 5.0 5.0 11.05 250 250 552 , 
XII B16-16 10 0 5.2 7.4 13.32 260 370 666 0.026 
XIII Al4-16 10 0 9.7 8.0 20.45 485 400 1022 0.014 
XIV Al6-18 10 6 6.5 10.0 18 05 341 525 948 0 004 
XV B16-18 10 0 5.6 8.0 14.00 280 400 700 0.002 
XVI Al4-14 10 0 11.0 11.0 25.65 550 550 1282 0.016 
XVII Al4-14 10 0 10.6 11.0 26.15 530 550 1308 0.011 
XVIII Al4-14 10 0 11.0 11.0 25.65 550 550 1282 0.016 
XIX A12-12 9 8 15.3 19.5 38.15 739 942 1844 0.008 
XX Al2-12 9 8 15.8 16.5 38.20 764 797 1846 0.005 
XXI A12-12 9 8 16.4 16.5 36.14 793 797 1747 0.008 
XXII Al4-16 10 0 9.3 14.6 20.10 465 730 1005 0.003 
XXIII Al14-16 10 0 9.9 14.8 21.80 495 740 1090 0.001 
XXIV Al4-16 10 0 9.0 14.6 21.00 450 730 1050 0.005 
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Fig. 5—View of a Floor Panel Ready for Test 


develop the full shearing strength of these welds while 
lighter gages will fail at lower loads in negative bearing. 

The shearing strength developed in a welded joint thus 
depends upon the gage of the sheet when the gage is 
below a certain critical thickness. Above that thickness 
the strength should be independent of the gage. Though 
the tensile properties of the sheet used in the weld speci- 
mens were not determined, there was general evidence 
through the tests that the 16-gage material was of rather 
low strength, so that the low figures for the 16-gage 
specimens compared to the 18-gage specimens are probably 
to be explained on these grounds. The specimen of 
lowest strength was G16-4 which broke at 2.24 kips in 
negative bearing, this being a lower breaking load than 
observed from the specimens with defective welds 
previously described. Two kips would thus be a con- 
servative figure for the strength of a single one of these 
spot welds in shear. 


Vi. Method of Testing Floor Panels 


1. Information Desired.—The most important points 
to be ascertained in the tests of the floor panels them- 
selves were: First, how closely do the deflections and 
stresses agree with those calculated by the Euler- 
Bernoulli theory, which is usually used in designing 
engineering structures; and, second, under what range 
of loads does the floor behave elastically? It is further 
of importance to know how failure occurs and what are 
the points of structural weakness with their effects on 
the response of the panel to load. 

It was decided, therefore, to make transverse tests to 
destruction of the individual floor panels, measuring 
deflections and strains at suitable locations in order to 
correlate these with the loads. 

2. Test Procedure.—The test panels were mounted 
at the ends of roller supports. The A1l2-12 specimens 
were 10 ft. in length and were tested on a span of 9 ft. 
8 in.; the remaining panels were 11 ft. long and were 
tested when possible on a span of 10 ft., it being necessary 
to use a span of 10 ft. 6 in. for the type C specimens and 
the type A specimens with reinforcing at the ends of the 
cell bottoms (A16-18). In each case the specimen had 
a length of bearing of 4 inches. Equal loads were ap- 
plied at the quarter points of the span in a screw power- 
testing machine of 600,000-Ib. capacity, using a poise 
giving a 300,000-Ib. range. By loading at the quarter 


points the bending moment between the loads was uni- 
form and equal to the maximum moment which would 
be produced by the load uniformly distributed. The 
maximum shear is likewise equal to the maximum shear 





produced by uniform loading. The computed deflection 
at mid-span, however, is 10 per cent greater than would 
have been produced by uniform loading. Since the 
maximum bending moment is developed over the middle 
half of the span and the maximum shear is developed 
over the portions of the specimen between the loads 
and the supports, inhomogeneities in the structure will 
be more liable to discovery than if the panel were uni- 
formly loaded. 

Steel bearing plates with pads of '/,-in. canvas belting 
were used to distribute the loads and reactions to the 
specimen. The plates were 4 in. wide and '/; in. thick 
and extended across the specimen, the pads being cut 
to the same size and placed between the specimen and 
the bearing plate. The load was transmitted to the 
specimen from the movable cross head of the machine 
by an I-beam carried on a spherical bearing, rollers 
being placed between the loading beam and the bearing 
plates. This arrangement can be seen in the typical 
set-up shown in Fig. 5. In the figure it will be noticed 
that the end bearings are free to accommodate them- 
selves to small twists in the specimen by means of a 
cylindrical seating. 

The deflection at mid-span was measured at each load 
by means of dial micrometers accurate to 0.002 in. 
These dials were mounted on a stiff frame supported at 
the horizontal webs of the panel immediately over the 
supports. The frame was carried on 3 steel balls in 
such a way that | ft. was free to rotate about a point, 
1 to move along a line and 1 to move in a plane, the sup- 
port being therefore kinematically nonredundant. 


VII. Results of the Panel Tests 


The curves of Fig. 6 and Fig. 7 show typical relations 
of load to average deflection at mid-span. It will be 
observed that up to a certain point on the curves, the 
deflection is proportional to the load within the experi- 
mental error. This was found to be true for all the 
specimens. The load at this point will be spoken of 
subsequently as the proportional limit of the floor 
panel. The proportional limit for the panel is indicated 
on the curves by P. L. and the limiting deflection load 
by L. D. A deviation. of 0.002 in. from proportionality 
was taken as criterion for determining this limit. The 
proportional limit of the panel so defined and the load 
at the limiting deflection of the panels are used as a basis 
for discussing their behavior. For this reason these 
points are also marked on succeeding curves. Above 
the proportional limit the deflection increases more 
rapidly with successive increments of load, this being 
due to plastic yielding and to buckling. This yielding 
progresses until a point is reached where the panel will 
support no added load. Specimens remained intact, 
though deformed, after the tests. Figure 8 shows the 
appearance of a typical panel after testing. 

Table 4 summarizes the strength properties of the 
specimens and gives also the spans on which they were 
tested and the permanent set indicated by the deflection 
dials when unloaded completely from the limiting de 
flection. The columns headed equivalent uniform loads 
per sq. ft. give the distributed loads which were com- 
puted to give the same maximum bending moment on a 
10-ft. span as the observed loads. 

For use in interpreting these results, section propertics 
of the panels were calculated from the dimensions 11 
Table 2. The moment of inertia, position of the neutra! 
axis and section moduli were computed for each panel. 
In order to determine whether the use of average <i 
mensions was justified in calculating these propertics, 
the moment of inertia and position of the neutral ax's 
were calculated cell by cell for some of the most irregu!ar 
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specimens. No appreciable differences, however, were 


mum factor of safety of the welds in shear of 10, based 


a found between the two methods of calculation. The on the conservative strength of two kips per weld that 
d dotted lines shown in the load-deflection and load-strain was recommended in Section V. The A12-12 speci- 
€ curves of the panels indicate the deflection calculated mens had a minimum factor of safety of 5.5. The failure 
€ from these section properties. of welds below the proportional limit, which is indicated 
d The moment of inertia was also derived from the slope in some cases by the decrease of r with load, cannot, 
s of the load-deflection curve below the proportional therefore, be ascribed to shear alone. As the neutral 
ll limit. The slope was determined by the method of least axis was below the horizontal web for all the panels, it 
1 squares which takes here a particularly simple form on is probable that under the compressive stresses the sheets 
account of the equal increments of load. composing the web separated by buckling, causing ten- 
£g Table 5 gives the computed values of the section sion in the welds in addition to shearing forces. 
le properties and also the observed values of the moments Certain specimens showed poor joining of the webs as 
k of inertia taken from the load-deflection curves. indicated by the change of r with load, this being true 
it : . . of many of the first group of panels received (I to XII) 
d VIII. Discussion of the Test Results of the Panels 31,4 also of the Al2-12 panels, XIX to XXL. No failure 
1€ 1. Specimens of Types A and B. could be ascribed to defective welds alone, although 
1€ (a) Welds.—The shearing forces on the welds may be undoubtedly the increased tensile stress produced yield- 
rs computed from the formula ing in the panels at earlier loads. Any significant 
1g 3 SQ effects of poor or inadequate welding would be shown by 
al " fa: a lowering of the proportional limit. 
od (6) Cell Heights at the Supports.—The pressure of 
n- where ee ee ee ingle weld, he Teactions reduced the height of the cells over the 
a 5 ne bn . epee my 8 5, ki [_o-“ ben ’ supports. This reduction of the height was shown to be 
me he CORes VEFtiCe: Seay = i Fh ee: , almost entirely elastic up to the limiting deflection load 
ad Q = the static moment in in. £ th ut the neutra by the absence of appreciable permanent changes in the 
n. an of nap — of the section lying  .1 heights. Except for Panel III, the maximum ob- 
at Ka Pun ve the oa PR Oe [ ioe served permanent reduction, after applying the limiting 
he = the moment of imertia im m." of @ single = aeflection load, was 0.03 in. for one cell of Panel XXII. 
in panel. Two cells in Panel III decreased 0.05 in. in height, one 
it, The coefficient */)5 in. takes account of the spacing of cell 0.04 in. and three cells 0.03 in. This ‘anomalous 
Ip the welds. For the panels tested, s ranged from 0.032S behavior of Panel III is due apparently to irregularity 





to 0.036S. At the proportional limit, the panels with 
the exception of those of the Al2—12 type gave a mini- 


in sizes of the cells, this panel having been formed on a 
hand-set brake. The average permanent reduction in 








Table 5~—Section Properties of Panels 


S. = compressive section modulus for panel. 
S; = tensile section modulus for panel. 
v. = distance from neutral axis to extreme compression fiber. 
% = distance from neutral axis to extreme tension fiber. 
Ue 
im ee 
I = moment of inertia of panel. 











Panel Type S; S: De Oe r (cale.) | Z (cale.) | J (obs.) 

In’ In. | Inches | Inches In. In. 
i a Se ee a eS ee Al4-16.-. 10. 1 6.1 2.13 3. 51 0. 385 21.6 20. 5 
ES ORES EE. Al4-16.. 10. 4 6.4 2. 15 3. 50 . 381 22. 4 21.5 
| ae Al4-16.. 10.3 6.3 2.17 3. 52 . 381 22.3 24. 5 
Re So a a ee A16-18.. 8.4 5.1 2.11 3. 52 . 374 17.8 16.9 
Wei adddidcccchiconsndadekd Al6-18-.. 8.2 4.8 2. 08 3. 52 . 371 17.0 16. 2 
i A16-18_. 8.7 5.1 2.09 3. 57 . 369 18. 1 17.4 
| = tt. a Pues: C14-16.. 10. 5 6.4 2.15 3. 51 . 380 22. 5 20. 4 
RE TRIE EGE RP C14-16.. 10.4 6.4 2. 20 3. 54 . 383 22.8 20.8 
a | ESI se", C14-16.. 10.6 6.5 2. 16 3. 52 . 380 23. 0 26. 3 
NAS aan sos ow ws esac B16-16. 8.7 4.6 1. 51 2. 84 . 347 13, 2 13.9 
EL A a oe a B16-16.- 8.5 4.5 1, 50 2. 85 . 345 12.7 13. 4 
EO SRE Se B16-16-. . 9.2 4.8 1.49 2. 88 . 341 13. 7 13.8 
SSR ae Al4-16.. 10.8 6.6 3.7 3. 53 . 381 23. 4 23. 4 
IR Pe Al6-18.. 8.5 5.0 2.10 3. 54 . 372 17.8 17.1 
os wasn interne iteinall B16-16. - 9.0 4.7 1, 48 2. 86 . 341 13. 4 13. 4 
0 SE ee Al14-14.. 12.0 8.1 2. 30 3.41 . 403 27.6 27.0 
ids she unabncticeinall Al4-14.. 11.8 8.1 2. 32 3. 39 . 406 27.3 25. 4 
SETI eee Al4-14.. 1L.6 8.0 2. 33 3. 38 . 405 27.1 26. 2 
at ep - s2 Al2-12..| 15.9 10.6 2. 22 3.31 . 402 35. 2 33.7 
i ll a RR AE: = ie Al2-12.. 16.5 10. 4 2.15 3. 42 386 35. 5 35. 9 
SES Sareea Al12-12.. 15.9 10. 4 2. 22 3. 39 . 396 35.4 36. 1 
SSS eseRh Al4-16..| 111 6.6 2.11 3. 53 . 374 23.4 22.4 
Se Ey SRR SS Al4-16..} 111 6.6 2. 11 3. 55 . 373 23. 5 22.9 
_ | 2 RSS Al4-16.. 11.0 6.6 2.12 3. 54 . 375 23. 4 21.8 
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Fig. 6—Load-Deflection Curves for Panels IV, X VII and XX 


cell heights after unloading from the limiting deflection 
was 0.007 in. 

The maximum reductions in cell height observed at 
the limiting deflection were 0.08 in. for one cell of Panel 
I, 0.07 in. for one cell of Panel III and 0.05 in. for one 
cell of Panel XVI. The high values for Panels I and 
III are due to the irregularity of dimensions character- 
istic of the panels formed on the hand-set brake. Values 
for the other panels were all less than 0.05 in. and aver- 
aged 0.02 in. The reduction in cell height for die-braked 
panels is, therefore, negligible at the limiting deflection 
load. 

(c) Failure of the Panels.—As the load was increased 
above the proportional limit, buckles appeared in the 
cell tops between the loads and increased in size and 
number up to the maximum load. At the same time the 
indentations in the cell tops under the loading plates 
increased slowly in depth and in a few panels buckles 
appeared in the upper portion of the side walls of the 
cells. Failure in the upper portion of the specimen 
appeared to take place entirely by buckling, though the 
A12-12 specimens showed strain lines on the cell tops 
running about 45° to the axis of the panel, which indi- 
cated that the yield point in compression had been 
reached. 

In no cases did any crumpling or buckling start from 
irregularities of shape or from dents which had occurred 
in manufacture of shipment. Even in the panels having 
the thinnest bottom sheets (18 gage), the reinforcing at 
the ends of these panels inhibited completely any crum- 
pling of the cell bottoms over the supports. 

For most of the specimens sharp cracks were heard as 
the maximum load was approached and occasionally 
at loads below the proportional limit. It is believed 
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Fig. 7—Load-Deflection Curves for Panels II, X and XXIV 











































that these sounds were due to the fracturing of welds. 
Many weld fractures, however, were undoubtedly in- 
audible. 

Departure from elastic behavior in the specimens may 
be due to the following causes: (1) Yielding of the cell 
bottoms in tension, (2) buckling of the cell tops in com- 
pression, (3) failure of welds and (4) effect of the con- 
centrated loads. 

The first three points will be discussed in the light of 
the observations at mid-span, 30 in. from the loads. 

The stress at which compression failure by buckling 
began to occur is dependent on the yield point of the 
material, since the elastic buckling is negligible with 
respect to the inelastic. For 14- and 16-gage sheet 
having a yield point of 20 to 25 kips/in.*, inelastic 
buckling seemed to set in at a stress of around 12 kips/in.’ 
for specimens of type A. The 14-gage material with a 
yield point of 41 to 46 kips/in.? in type A buckled at a 
stress of about 22 kips/in.? For type B, the buckling 
stress appeared to be a little lower with respect to the 
yield point, 16-gage material with a yield point of 21 
kips/in.* beginning to show marked buckling at stresses 
of 10 to 12 kips/in.? 





Fig. 8—Side View of an Al6-8 Panel after Testing 


The dimensions of panels of the Al4—-16 and A16-18 
types were such that simultaneous compression and 
tension failures occurred at mid-span provided that the 
observed values of r were in fair agreement with the 
computed values. The compression failures in the Al6- 
18 panels, once they started, progressed more rapidly, 
however, than in the heavier top sheets of the Al4-16 
type. When the observed values of r agree with the 
computed values, the ratio of compressive to tensile 
stress in these two types is about 0.60. When this ratio 
becomes a little greater, as the Al4—14 and A1l2-12 types, 
for which it is about 0.67, failure tends to begin by 
buckling and then develops by combined buckling and 
yielding in tension. 

In the type B panels the restraint offered to the 
buckling by the webs caused tensions in the welds which, 
in conjunction with the shearing forces, were sometimes 
enough to cause failure of the welds when buckling was 
well advanced. Inspecimen B16-16 the top sheet sepa- 
rated from the bottom sheet at a load near the maximum, 
thus permitting the buckles to spread from one cell top 
to another across the full width of the panel. 

The effects of the welding on the failures have already 
been discussed. 

The effect of the concentration of the loads on the 
proportional limits of the panels may best be judged by 
comparing the stresses at mid-span at the proportional 
limit with the yield point of the bottom sheets given 
either by the tensile tests or by the load-strain curves. 
On the average, the proportional limit occurs at a mid- 
span stress of around 0.7 of the yield point, though some 
specimens had proportional limits which develop the 
yield-point stresses at the center (V, XXII and XXIII). 
A closer examination of the results on this point 
is of little use, since in many cases materials of 
widely different yield points were used for the bottom 
sheets. 

The local effects produced by the concentrated loads 
may be three, as follows: (1) Indentation and buckling 
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of the cell tops under the loading plates, (2) buckling 
of the web, producing weld failures near the loads and 
consequently increased tensile stress in the cell bottom 
and (3) possibly an increase in stress under the con- 
centrated loads considerably above that calculated from 
the conventional theory. Such stresses have been pre- 
dicted by Schnadel.? For box girders with a length of 
6.3 times the width and loaded at the quarter points, 
he has calculated the maximum longitudinal stress in 
the top and bottom plates at the quarter points to be 
70 per cent in excess of that at mid-span. 

The disappearance of buckles under the loading plates 
on unloading from the limiting deflection and the fact 
that there was no evidence of reduction in the propor- 
tional limit on repeated loading justifies the conclusion 
that indentation of the cell tops by the concentrated 
loads is of small importance up to the proportional limit. 
It would be reasonable to expect, however, that the 
indentations would lower the compressive resistance of 
the panel at these points. The effect predicted by 
Schnadel should be verified hy some independent means, 
but must be accepted as a possibility. In any case, 
it may be concluded that under uniform loading and on 
similar spans the panels will behave satisfactorily over a 
range at least equal to that given by the proportional 
limit of the present tests. 

Had the dimensions of the first 12 specimens been uni- 
form and had the material and welding been likewise 
more uniform, the results would, undoubtedly, have not 
shown so much scatter. The tests have shown that the 
three stages of manufacturing technique have resulted 
in panels progressively better in strength properties and 
in uniformity of dimensions. 

2. Specimens of Type C.—The agreement between 
the observed and computed moments of inertia in Table 
5 is poor for the specimens of type C. No reason was 
found for the high moment of inertia observed for Panel 
IX. The proportional limits (Table 4) were low with 
respect to the limiting deflection loads and the maxi- 
mum loads were lower than for any specimens of the 
Al4-16 type. The panels failed from an inherent 
defect in design, the sheets composing the webs splitting 
apart at the ends due to combined tension and shear on 
the welds. The tension on the welds was produced by 


* Georg Schnadel, Die mittragende Breite in Kastentragern und in Doppel- 
boden, Werft-Reederei-Hafen, Mar. 7, 1928, Heft 5, p. 92. 


the panel being supported at the ends only by the pro- 
jecting top element. 


IX. Conclusions 


The loading tests on sheet-steel floor panels having 
longitudinal stiffening cells and either flat or corrugated 
top surfaces justify the following conclusions for types 
A and B (Fig. 1). 

1. The elastic range of the panels was equal to or in 
some cases in excess of the maximum working range set 
by the usual deflection requirements (deflection less 
than one three hundred and sixtieth of the span) in 10-ft. 
floor panels. This elastic range is the fundamental 
criterion of the usefulness of the panels. 

2. The maximum load carried by these panels showed 
a considerable and satisfactory margin of safety against 
overloading. 

3. The method in common use for designing beams 
affords a satisfactory basis for predicting the elastic 
behavior of these floor sections. The stiffness of the 
panels calculated from average dimensions was in ex- 
cellent agreement with that calculated from the de- 
flection. The distribution of longitudinal stress in the 
die-braked panels can be satisfactorily predicted by the 
usual methods of design if an allowance of 10 per cent 
is made to cover the possible irregularities in the dis- 
tribution of tensile stress. 

4. The spot welds used in joining the sheets were 
amply strong in shear, but some may have failed by 
buckling apart of the two sheets in the web between the 
welds. These failures, however, had no appreciable 
effect on the behavior of the panels within the elastic 
range. 

5. The location of the neutral axis is in accord with 
the calculated location except where imperfect integra- 
tion by the welds of the top and bottom elements of the 
section may lead to a displacement. It is, therefore, 
desirable that controlled automatic welding be used in 
the manufacture of such panels. 

6. The thin-walled sections showed a considerable 
stability against secondary failure, even under con- 
centrated loads. 

Panels of type C (Fig. 1) showed an inherent defect 
in design, failure being due to tension on the end welds 
of the web, there being no provision to strengthen the 
ends of the webs to withstand these forces. 
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Are Welding Is Pene- 
trating New Con- 


struction Fields 
By B. FERGUSON 


+ Mr. Ferguson is Chief Engineer, Harnischfeger Corp. 


N INNOVATION in the art of electric arc welding 

was achieved in the construction of the huge 

6,000,000-gal. water storage tank recently com- 
pleted by the City of Milwaukee. 

Reputed to be the largest tank ever constructed, this 
completely arc-welded structure is a decided advance- 
ment in the welding industry. There is not a rivet in 
the entire shell, making the structure outstanding both 
as to design and capacity. 

This huge tank is the first step in the development of 
the Menominee Valley Booster Station project, under- 
taken by the City of Milwaukee, to supply sufficient 
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Crawler Cranes Handling 4-Ton Side Plates for Completely Arc- 
Welded Water Tank 


water pressure to cover peak load conditions in the 
western and southwestern areas of the city and suburbs. 
A pumping station, soon to be constructed, will complete 
the project. 

Water will be pumped from the main pumping stations 
into the 6,000,000-gal. storage tank during the night, 
when demand loads are at their lowest. Between 5and 8 
o'clock in the afternoon, when peak loads are demanded, 
this stored water will be repumped through the mains 
by the auxiliary station, thus furnishing sufficient 
pressure under maximum load conditions. 

This entire municipal project was divided into three 
sections. The construction of the tank comprised one 
section, while the trenching and pipe-laying operations 
were divided into two sections. 

Actual work on the tank began the latter part of 
September, by laying a huge circular bed of cement, 
165 ft. in diameter, as the foundation for the tank. A 











View of Completed 6,000,000-Gallon Are-Welded Tank 


coating of asphalt was then laid upon this circular bed 
of cement to form the foundation for the steel bottom 
plates of the tank itself. The bottom of the tank con- 
sisted of steel sheeting */s in. thick, securely welded 
together. 

Next the side walls were erected. The first row con 
sisted of sheets 1*/,, in. thick weighing four tons each, 
welded to the floor plates inside and out.- These plates 
were all placed in position by means of three crawler 
cranes. 

Each succeeding row of sheets was slightly thinner 
than the previous one, in order to allow sufficient room 
for a satisfactory welding bead on both sides. This 
entire process of placing the rows of steel sheeting and 
welding them together was repeated until the top of the 
tank proper was reached, 37'/, ft. high. The last sheets 
were approximately '/, in. in thickness and weighed | 
ton each. The entire shell is self-supporting. 

The roof of the tank consisted of welded sheet steel, 
supported on a structural steel work erected in the center 
of the tank. Three sheets of roofing were welded to- 
gether on the ground and placed into position by means 





Water Mains Leading from the Tank to the City of West Milwauke« 








Bie A 


_ Sor 





1933 


WELDING INSTRUCTION IN ENGINEERING SCHOOLS 13 












of a crawler crane equipped with an 80-ft. boom. The 
sheets, after being placed in position, were then welded 
down to the structural framework which supported 
them. 

The height of the entire structure is 57 ft. 3 in. from 
the ground to the top of the cupola, and over 700 tons 
of steel were welded together to complete this huge tank. 
On a project of this nature, steel erection was an im- 
portant factor. However, crawler cranes met the situa- 


tion nicely. By means of special grapples, the steel 
sheeting was moved from place to place, and also placed 
on the roof. On the siding, huge iron jaw grapples 
clamped down over the entire width of the sheeting and 
extended over several feet, to form a support for the 
sheeting while welding. Two crawler cranes carried a 
sheet to the proper location and placed it in position. 
In og manner the 700 tons of steel were handled without 
a slip. 



































Welding Instruction 


in Engineering Schools 
By A. F. DAVIS 


Mr. A. F. Davis is Vice-President of The Lincoln Elec- 
tric Company. ; 


LL those connected with the welding industry 
are interested in knowing what our colleges and 
universities are doing to further the art and to 

provide graduating engineers with an adequate back- 

ground of welding knowledge. 

To secure this information a survey was made recently 

by The Lincoln Electric Company among some thirty 

engineering schools. The following brief questionnaire 
was sent to these schools: 


Questionnaire 


1. Is a complete course in welding given? If so, 
advise the number of credit hours and an outline of the 
course with the names of any text-books used or any 
other information which you think would be of value. 
2. Is are welding covered or discussed in any one or 
more of the following courses? If it is, please give the 
extent and, if possible, an outline of the points covered 
with information as to texts or reference used. 
Electrical Engineering 

Mechanical Engineering 

Machine Design 

Civil or Structural Engineering 

Industrial Engineering 

In answer to the first question it was found that only 
\2 of the 26 schools answering gave complete welding 
courses. Many others, in fact most of them, included 
practice welding in their regular shop courses. 


List of Schools from Which Answers Were Received 


Kansas State Agricultural College 

Stanford University 

University of Washington 

The Rice Institute 

Michigan State College of Agriculture & Applied Science 
Pennsylvania State College 

Worcester Polytechnic Institute 

University of Nebraska 

Alabama Polytechnic Institute 

West Virginia University 

University of Pittsburgh 

University of Cincinnati 

College of Engineering, Cornell University 
Lehigh University 

Massachusetts Institute of Technology 
University of Michigan 

University of Delaware 

Virginia Polytechnic Institute 


Agricultural and Mechanical College of Texas 

State College of Washington 

Oklahoma Agricultural and Mechanical College 

Case School of Applied Science 

Carnegie Institute of Technology 

Oregon State Agricultural College 

Purdue University 

University of Michigan 

The welding courses vary greatly and are not essen- 
tially “‘complete’’ welding courses. Rather it should 
be said that 12 schools give one or more courses devoted 
exclusively to some phase of welding. The schools and 
a short description of the courses follow: 

Worcester Polytechnic Institute—general welding 
course for sophomore mechanical and electrical engi- 
neers—scope: arc, gas, resistance, Thermit and forge 
welding; metallurgy of welding; testing of welds; appli- 
cation and design. 

Alabama Polytechnic Institute—electric welding—one 
hour lecture and two hours laboratory per week—one and 
two-third hours credit. Gas welding—one hour lecture 
and two hours laboratory. One and two-thirds hours 
credit. 

Both courses elective for electrical, mechanical and 
civil engineers. Required for industrial engineering and 
aeronautics. 

University of Pittsburgh—metallurgy—two semes- 
ters—three hours a week for 16 weeks; laboratory prac- 
tice and laboratory lectures. 

Massachusetts Institute of Technology—welding 
course consisting of lectures and demonstrations. 

University of Delaware—welding course consisting 
of three hours of laboratory and one hour of lecture per 
week. Two hours credit. 

University of Washington—welding and heat treat- 
ing—practice and lectures on gas and arc welding. 

Kansas State Agricultural College—airplane fabrica- 
tion. Three hours per week. One hour credit. Dem- 
onstrations, discussions and practice in the construction 
and testing of welded airplane parts. 

State College of Washington—course elective for engi- 
neering students. Six hours of laboratory and one 
hour lecture. Three hours credit. 

Advanced welding—three hours credit. Oklahoma 
Agricultural and Mechanical College—welding course, 
elective. 

Carnegie Institute of Technology—welding course, 
two hours per week. Required of all freshmen in the 
Colleges of Engineering and Industries. Shop work 
in arc and oxyacetylene welding. 

Aircraft weiding course—elective. 

Oregon State Agricultural College—elementary weld- 
ing. Six hours per week. Two hours credit. 
Advanced welding—three hours per week. 

credit. 

University of Michigan—welding processes, gas weld- 
ing and cutting, arc welding, resistance, Thermit and 
other special welding processes. Three hours of labora- 
tory and one hour lecture*per week. 


One hour 
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It would appear that all these courses are good and 
represent a distinct advancement over the more usual 
practice of including two or three weeks’ welding work 
as part of a regular machine shop course. 

In regard to the question on text- and reference 
books used, it was found that those mentioned most 
frequently are: ‘‘Welding Encyclopedia’; ‘Arc Weld- 
ing,’’ The Lincoln Electric Company; ‘‘Manual of Elec- 
tric Arc Welding,’’ Hubert; “Airplane Welding,” J. B. 
Johnson; and “Arc Welding Manual,’’ The General 
Electric Company. 

Many schools use no regular text-book but depend 
upon equipment manufacturers’ literature or mimeo- 
graphed sheets prepared by the instructor. 

In answering the question several professors indi- 
cated that they felt a distinct need for a more adequate 
text on the subject of welding. For example, Professor 
G. S. Schaller of the University of Washington says, ‘Our 
instruction is not directed toward producing welders; 
rather we are interested in showing the possibilities 
of welded construction. There is a decided need, in my 
opinion, for a text-book on this subject. In most books 
too much is devoted to training welders and too little 
said on the engineering side of the subject.”’ 

Answers to the question regarding the discussion of 
welding in other than strictly welding courses indi- 
cated that this is the general practice in most schools. 
Courses in machine design, structural design, electri- 
cal engineering, civil engineering, etc., almost without 
exception include more or less instruction on the applica- 
tion of welding. 

In certain instances it was found that the schools 
were unusually active in promoting the use of welding. 
At Pennsylvania State College, a thirty-hour course 
is given to mechanics and garage men in the district. 
This includes not a little work with the electric arc. 
West Virginia University offers a three weeks’ intensive 
course in electric welding to state employees of ade- 
quate preparation designated by the officials in charge 
of their work. Those completing this course, the equiva- 
lent of three semester hours of shop work by University 
students, are granted a certificate. 

At the University of Washington, a summer welding 
course is given to manual training teachers, showing 
them the possibilities for using the electric arc for mak- 
ing small projects out of steel. 

Numerous universities have for a number of years 
held Welding Conferences to which the general public 
was invited. These, as a usual rule, have been quite 
widely attended. Among the best known and attended 
of these conferences are probably those at Purdue and 
Lehigh. 

Conclusions 

It is evident from this survey that the heads of engi- 
neering schools are extremely sympathetic toward the 
inclusion of courses on welding in their curricula. Two 
factors, however, are limiting the instruction given. 
These are: 


1. Lack of funds to equip laboratories properly. 

2. Lack of adequate text material. 

The first is expressed in a letter from Professor L. S. 
Foltz, head of the Electrical Engineering Department 
of Michigan State College of Agricultural & Applied 
Science, who says, ‘‘I know that such a course should 
be presented but we do not have the necessary room 
for a laboratory or the money to equip one. However, 
as far as possible, we expect to present such work as we 
can. It is a subject that is attractive to students.” 
That echoes the attitude of most department heads in 
schools where welding courses are not given at present. 


Comment has already been made on the lack of 
proper text material. There is a very definite need for 
books on the applications of welding, on designing for 
welded construction, on testing, the metallurgy of weld 
metals, stresses, stress relieving and kindred subjects. 
When such material is readily accessible to our techni- 
cal schools, welding will receive the additional faculty 
attention which it deserves. 


Alloy Steel 


By RICHARD TULL 


+Mr. Tull is connected with the Technical Publicity De- 
partment of the Electro Metallurgical Co. 


HE useful life of machinery and equipment is 

dependent on many factors, but in determining 

manufacturing costs these are all taken care of 
under two headings, namely, obsolescence and deprecia- 
tion. Obsolescence is a factor that is practically im- 
possible to control as manufacturers are continually de- 
veloping new and more efficient machinery. It is evi- 
dent that equipment which has become out-of-date or 
obsolete puts the user of such equipment at a great dis- 
advantage as compared to those using the most modern 
apparatus. 

Depreciation, on the other hand, is a factor very 
largely dependent on the quality of material used in its 
construction. Obviously short-lived equipment must be 
depreciated heavily and is a drag on profits. Units 
that are frequently out of service due to break down 
entail a heavy charge for repairs and also interfere greatly 
with normal production. 

The use of alloy steels and irons has gone far to increase 
the useful life and dependability of machinery and equip- 
ment. Greatly improved physical properties are ob- 


tained by the use of steels and irons containing chro- 
mium, nickel, manganese, vanadium or molybdenum, 
either singly or in combination with each other. 


Steels 





Welding Is Used Extensively in the Fabrication of This Chrome-Nickel 
Steel Rotor 


having an ultimate strength as high as 300,000 Ib. per 
sq. in. are now available for certain classes of work, 
and those having strength of 100,000 Ib. per sq. in. are 
very common. Cast irons having strengths of 30,000 
Ib. per sq. in. to 40,000 Ib. per sq. in. and even higher are 
not uncommon. Increased strength is not the only 
improvement obtained by the use of these alloy steels 
and irons, but their resistance to impact, chemical cor- 
rosion and oxidation at high temperatures are greatly 
improved by the choice of the proper alloy. 
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Maintenance of 
Equipment by the 
Oxyacetylene Method 


By L. H. SCHEIFELE 


+Paper read before the 33rd Annual Convention, Inter- 


national Acetylene Association, Phi a, Pennsyl- 
SS ..,.” 18, 1932, by L. H. ele of the 
Reading Compan 


HIS is a very broad subject and would require 

many times the time allotted me to present it in 

the manner it deserves. However, I would like 
to review briefly the history of welding, basic principles 
of the heating and cooling of metals, fundamental re- 
quirements of oxyacetylene operators and finally the 
application of the process to the subject under considera- 
tion. 

The joining together of ferrous or iron base metals by 
fusion welding is as old as the manufacture of this class 
of metals. Primitive man discovered that when heated 
to a certain temperature which he judged partly by the 
color of the heat and partly by the ‘‘feel’’ of the heated 
parts, that he could join metal parts together under cer- 
tain conditions by hammering them. His failures were 
many and not thoroughly understood. Gradually by 
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trial and error methods he discovered that, first of all, 
heated parts which were intended to be welded must be 
properly shaped or scarfed as we now call it. Next, he 
discovered that the heated parts would not stick together 
satisfactorily unless they were clean or free from oxidiza- 
tion and properly heated. The first of these two factors 
he tried to control by coating the parts with earthy 
pastes which eventually developed into our present-day 
fluxes. The second factor was a matter of guesswork 
and has largely remained so in many shops where this 
type of welding is practiced to the present day. 

In the light of our present-day knowledge, thanks to 
those who patiently pioneered in this work, we under- 
stand the basic principles of heating and cooling metals. 
Possessing this knowledge and equipment to properly 
use it, we can understand that the pioneers in welding 
had very little chance of producing satisfactory welds 
consistently. Not having had our present-day knowl- 
edge, we might well marvel that they had any appreci- 
able degree of success at all. It is well at this time also 
to remember that they had some advantages in their 
favor which we do not always have. Their metals were 
very low in carbon content and they knew nothing of 
alloys, simple or complex. Neither was the time factor 
or cost of the weld particularly important. Today we 
are called upon to weld all grades of plain carbon and 
many types of complex alloy steels by various methods. 
The various methods are all subject to the same physical 
laws in a greater or lesser degree. The welding of non- 
ferrous metals was practically impossible until recent 
years, when the development of oxyacetylene welding 
made it practically and economically possible. 

Most people are under the impression that when a 
ferrous or iron base metal is heated, it expands directly 
in porportion to the increase of temperature. Un- 
fortunately this is not the case. Metals have critical 
points and critical ranges which vary according to their 
chemical composition. When a given metal is heated 
it expands gradually until its critical temperature point 
is reached. Further application of heat will produce no 
further expansion until the metal heated has passed 
through its critical range. On the contrary, while 
passing through its critical range it actually contracts. 
When this range has been passed it will again expand. 
The reverse of this phenomenon takes place when cooling 
a ferrous metal from a temperature above its critical 
range, i.e., first a gradual contraction until the critical 
point is reached and then expands while passing through 
the range. When through the range it again contracts 
down to room temperature. The higher the carbon 
content of the metal, the more pronounced this phenome- 
non will be. 

Metals can be heated too rapidly or held too long at 
elevated temperatures. Most forgings and castings 
have originally had some form of heat treatment to re 
fine the grain structure. In general, a refined or small 
grain size is desirable as this condition imparts hardness, 
strength or toughness and sometimes varying degrees 
of all three. 

If a ferrous metal in one or all three of these conditions 
is heated to a temperature beyond its critical point, the 
effect of the original heat treatment will be lost and if 
possible the part should again be heat treated to restore 
its original physical properties. If a ferrous metal is 
held at a temperature well beyond its critical point for 
a prolonged period of time we produce grain growth, 
i.e., the original small grains grow into larger ones. 
This condition is undesirable as it produces brittleness 
and lowers the fatigue value or normal life of the part. 
If grain growth progresses far enough, it is difficult to 
entirely eliminate it by @ single heat treatment. The 
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Fig. 2—Broken Locomotive Cylinder 





Fig. 3—Cylinder after Welding 


higher the carbon content and the more refined the 
grain structure, the more pronounced these effects of 
heating will be. 

Knowing these various physical laws, we can now 
readily appreciate that considerable judgment must be 
exercised when heating and cooling ferrous metals. The 
more irregular or intricate the design, the more care and 
skill will be required to prevent cracking. All of us have 
seen, at some time or other, a tool cracked during the 
hardening process. Quite frequently this cracking is 
due to improper heating or cooling at or through the 
critical. 

The higher the carbon content of the metal, the more 
pronounced will be the effect of heating from a harden- 
ability standpoint. Metals of higher carbon content 
than are usually found in common structural steels, 
should be heated slowly to prevent cracking and cooled 
very slowly to prevent hardening. All of the foregoing 
are controlled by fixed physical laws which we must obey 
if we will successfully heat or cool ferrous metals without 
developing unnecessary expansional or contractional 
stresses, which may cause breakage. Understanding 
these laws we can now see how important it is to carefully 
preheat a part prior to welding, also why precaution 
should be taken not to cool it too rapidly. 

How do we select and train oxyacetylene operators and 
what are the fundamental requirements? First of all, 
the operator should possess a reasonable amount of 


native intelligence or ability to analyze the job prior 
to welding. That is, he should know what type of meta! 
he is about to weld. He should also take into considera 
tion its design, whether the parts to be heated are all of 
equal cross section and what the effect of local heating 
has on the adjoining parts. If he understands the job 
this far he can select the proper welding rod and know 
how to preheat the parts prior to welding and how to 
cool the same after the weld has been completed. He 
should also know or be instructed what the effect of too 
high a temperature or a prolonged high temperature 
will have on the parent metal. This point cannot be 
emphasized too strongly as we must remember that in 
an oxyacetylene flame we have a potential temperature 
of approximately 4500° Fahr. and some investigators 
have placed it as high as 6000° Fahr. 

The operator should be able to move both hands with 
equal ease at the same time. This is not always as easy 
as it may at first thought appear. I have seen men who 
could not adapt themselves to using both hands with 
equal dexterity and it always remained a handicap. 
Their workmanship was not of the same quality and the 
time factor was invariably greater than their fellow 
operators who could move both hands with equal ease. 

The operator should know or be instructed that in 
order to produce a sound weld, he must have the parts 
clean or free from oxidation. He should know how and 
what kind of flux to use for various metals. 

All of the foregoing may appear to be somewhat over- 
emphasized. The first thought may be, where or how 
often can you find men who possess these requirements, 
who would be willing to take up this work. I do not 
think that many such men can be found. They should 
be selected with the first thought in mind, under the 
heading of requirements and then trained by the welding 
supervisor or some one possessing the necessary know]- 
edge. 

Test coupons should be made periodically by the 
operators to determine their efficiency. The method of 
determining this efficiency should receive careful con- 
sideration. I have found the following method to be 
quite satisfactory. Boiler plate is scarfed to a 60-deg. 
angle and welded together, leaving the weld slightly 
higher than the sides of the plate. The test coupons are 
then machined so that all four sides are parallel. They 
are then stressed to failure in a universal tensile testing 
machine, the yield point, ultimate strength and elonga 
tion being noted. Up to this point there is nothing un 
usual about this test method. However, there seems 
to be considerable difference of opinion as to what consti 
tutes efficiency in a weld. Personally I feel that an 
average percentage of the three quality factor percentages 
of yield point, ultimate strength and elongation is a 
good criterion of weld efficiency. The quality factors can 
be established by taking the average tensile properties 
of four solid test coupons made of the boiler plate used for 
weld test coupons. For an example, let us assume thi 
following: 


Average Tensile Properties or Quality Factors 


Vield Point, Ultimate Strength, Elongation, 
. &. 1. % in 2 In. 
36,225 58,825 40.6 
Tensile Properties of Weld Test Coupon 
35,500 58,200 26.5 
Percentages of Efficiency Based on Quality Factors 
98% 99% 63% 
Efficiency of Weld 
87% 
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After making a number of tests you can decide what 
efficiency percentage is desirable for your work. 

In the locomotive and car shops of the Reading Com- 
pany, we are charged with the maintenance of 977 loco- 
motives, 1054 locomotive tenders, 44,444 freight cars, 
954 passenger cars and 839 miscellaneous cars. 

To maintain this large amount of equipment in good 
running order is no small task. It is essential that re- 
pairs be made in the shortest possible time and with the 
least amount of cost. The various units enter the shops 
for repairs and are booked to be discharged on a certain 
date. The number of man hours required per unit 
has gradually decreased. Oxyacetylene welding has 
played no small part in this reduction of man hours. In 
addition to reducing the time required on various opera- 
tions it has also resulted in savings of capital outlay for 
new parts by reclaiming parts which were scrapped prior 
to the use of this method. Many items are built up to 
standard size before they have reached the scrap stage 
and in this manner increase considerably the normal life 
of the part. 

The first major application of oxyacetylene welding at 
the Reading Shops was welding broken locomotive 
frames. I can recall when a broken frame was a major 
repair operation. It required removing the frame en- 
tirely and trucking it to the Smith Shop where it was 
heated in an old-fashioned coke fire and welded by hand 
or in some cases under a steam hammer. This was very 
costly and caused considerable delay in discharging the 
locomotive from the shop. The next improvement in this 
operation was Thermit welding. This method was quite 
an improvement over the old method as a time and money 
saver, but did not always produce sound welds on account 
of the difficulty of releasing all the gases produced when 
the molten metal was poured into its mold. This condi- 
tion produced a porous or honeycombed weld. Another 
objection was the extreme hardness of the weld, making 
it difficult to do machining or shaping of the section 
after welding. The usual procedure was to chip if 
possible and finish with a hand grinder. I have seen 
many frames welded by this method return to the shop 
broken adjacent to the weld, which would seem to indi- 
cate that there was no complete fusion of the weld and 
parent metal. It is also possible that the very high 
temperature of the molten metal, held in contact with 
the parent metal for the prolonged period of time re- 
quired for solidification and cooling, altered the structure 
and produced grain growth, which in terms of service is 
brittleness. During the preparation of setting up a 
Thermit mold it was essential that precautions be taken 
to prevent the breaking of the mold, i.e., no work could 
be done on other parts of the frame. This was also 
good policy during the time required to solidify the weld 
after pouring. This is not the case with the oxyacety- 
lene process. 

About 1920 we made our first frame weld by the oxy- 
acetylene method. The quality of this weld and the 
short time required to make it was altogether a new ex- 
perience. After welding the part was finished to shape 
without difficulty and, to the best of my knowledge, that 
weld is still holding. Since this date to the present time 
we have made approximately 1650 oxyacetylene frame 
welds with only three failures. The present cost of a 
irame weld is approximately 25% of that of the Thermit 
weld and 5% of that of the old hand weld. The work- 


manship is superior to both of the previous methods. 

Our next major application of oxyacetylene welding 
was the building up of broken locomotive cylinders. 
Prior to using this method, cracked cylinders were re- 
paired by making a pattern to conform to the outside 
circumference of the cylinder. A casting was made from 
this pattern, fitted to the outside directly covering the 
crack and bolted fast with patch bolts. The crack on 
the inside of the bore was sealed by first cutting out the 
crack so that a wedge pocket was formed much as a den- 
tist drills out a tooth prior to filling. Annealed copper 
rod was then carefully hammered into the pocket. All 
of this required considerable time and was costly. If the 
cylinders were completely broken they were scrapped. 
This also required considerable time and cost. 

In 1920 we welded our first cylinder by the oxyacety- 
lene method. Up to the present date we have welded 
approximately 200 cylinders without a single service 
failure. The average present cost of welding a cylinder 
is approximately 25% of the cost of a new cylinder. 
There is also a tremendous saving in time. 

Another major application is the building up of 
worn main pistons. When the circumference of the pis- 
ton becomes worn to condemning size, it is still further 
reduced in diameter by machining. It is then built up 
with bronze filler rod to a diameter that will permit finish- 
ing to standard size. This operation is performed with- 
out removing the piston head from the rod. This results 
in a saving of time and costs approximately 28% of the 
cost of a new piston. 

Coal stoker elevator screws are reclaimed by welding 
strip steel on the face of the screw. The cost of this 
operation is approximately 30% of the cost of a new 
screw. 

Car axles which were previously scrapped for lateral 
journal wear are now being reclaimed by building up the 
collar on the outside end of the journal to standard size. 
The cost of welding is approximately 30% of the cost of 
a new axle. 

At the present time we are making a study of welding 
fire-box sheet by the oxyacetylene process. The actual 
welding time for this operation is only 30% of that re- 
quired by the electric arc method. However, the cost 
is greater due to the cost of the materials involved. 

I could go on indefinitely and enumerate applications 
of oxyacetylene welding to maintenance and reclamation 
projects. Suffice it to say that without exception it 
has reduced the time required and in most cases reduced 
the cost over previous methods. 


Our first generator plant equipment consisted of two 
250 cu. ft. acetylene generators and one twenty-cylinder 
oxygen manifold. The gases were piped to 107 stations 
throughout the shops. In 1926 a new generator plant 
was erected. This plant is equipped with four 500 cu. ft. 
acetylene generators and two forty-cylinder oxygen mani- 
folds. The gases are piped to 254 stations throughout 
the shops. The plants not only furnish gases for welding 
but for cutting operations as well. 


Acknowledgment and thanks are due Mr. C. A. Gill, 
Superintendent of Motive Power and Rolling Equip- 
ment, also Mr. W. L. Rice, Superintendent of Locomotive 
Shops, and Mr. G. L. Young, Boiler Foreman, for access 
to their files. The data obtained from these files assisted 
very materially in preparing this paper. 
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Methods of Welding 


NTIL a few years ago the practical experience of 
welding technique was kept secret by the firms who 
had developed it. More recently, however, the 

desire of all metal-working industries to use more exten- 
sively ti.c economical and practicable oxyacetylene weld- 
ing process has led to a systematic study of the best and 
most economical methods of working. 

The best method, known as “Right-Hand”’ welding, is 
as follows: 

The welder begins from the left, holding the blowpipe 
in his right hand, the flame preceding, and makes such 
movements with the filling rod as will separate the oxide 
and slag from the molten metal. The filling rod is 
melted simultaneously and should be applied in thin 
layers. The thinner the layers, the finer the grain of the 
weld, and hence a better quality weld. 

When working on thicker material the filling rod is 
applied in several layers, starting at the bottom of the 
joint. To obtain the best calorific efficiency the length 
of the layer must be 50-70 mm. (2-3 in.). 

The alternative method, known as ‘‘Left-Hand”’ weld- 
ing, is as follows: 

Assuming the same conditions as before, the welder 
begins to weld at the right side and completes the welding 
from right to left. This older method of working has 
been shown by experience to be inferior both from an 
economical and qualitative point of view, and left-hand 
welding should only be used under exceptional circum- 
stances. Unfortunately this method is still employed 
by many welders and it is the duty of every works 
manager to obtain better and more economical welds by 
insisting upon his welders applying the more modern 
method. 

(a) Welding by Hand-Controlled Blowpipes.—This is 
the most widely used method, as oxyacetylene welding 
can be applied by hand to a wide variety of work which 
could not possibly be dealt with by a machine. 

The single flame blowpipe is at present the most 
popular; the two-flame blowpipe has recently been 
introduced with success for welding long seams, and the 
use of this type of blowpipe on suitable work gives 
increased efficiency, as it speeds up the rate of welding. 

(6) Machine Welding.—For the welding of pipes both 
lengthwise and circumferentially, special machines have 
been designed employing single and multiflame blow- 
pipes. These machines effect a great saving of time, 
gases consumed and labor as compared with hand- 
controlled blowpipes. Welding machines should be used 
in all cases where repetition work is possible. 

For the manufacture of small diameter pipes, there 
are machines on the market which roll from steel plates 


into tubular shape, weld the seam and straighten out the 
completed pipe, all in one passage. 


Technical Remarks 


(a) Longitudinal Welding.—Lengthwise seams of any 
length can be welded by the oxyacetylene blowpipe. 
The acetylene welded pipe has in many cases superseded 
the expensive water-gas welded and riveted pipe. 

Thin pipes up to 3 mm. sheet thickness are, before 
welding, tacked every 200 mm. Up to 3 mm. thickness, 
left-hand welding can be used with advantage. 

When welding long pipes, the contraction of the filling 
material causes a concave deformation of the pipe. This 
can be eliminated by hammering the seam over an iron 
core and so straightening it out. 

In order to obtain a thorough weld, it is often necessary 
to open the tightly pressed edges of the sheet by the use 
of a chisel-shaped lever. When the thickness of the 
metal is over 3 mm. this can be avoided by making a 
V-shaped clearance between the plates in the length of 
the seam, which slowly closes during the welding. The 
widest clearance is about 2-4% of the length of the seam. 
Often the longitudinal seams were welded without open- 
ing them as above. 

When the thickness of the metal is more than 5 mm., 
the sheet edges have to be sloped at an angle of 30° to 35° 
in order to obtain a V-shaped opening of 60° to70°. This 
sloping is obtained by the use of the cutting blowpipe. 

The filling material must protrude 25% of the thick- 
ness of the metal sheet on the welded side. 

(b) Welding of Circumferential Seams.—When welding 
circumferentially a V-welding seam is generally used. 
The pipes should be fixed in such a manner so that the 
maximum clearance cannot exceed 1 mm. to 3 mm. to 
avoid excessive dripping through of welding material 
toward the interior of the pipe. When installing pipes it 
is advisable to do most of the welding of circumferential 
seams by turning round the pipes in order to eliminate 
too much overhead and vertical welding work, as this 
kind of operation requires considerably more time. 
The oxyacetylene process is the only one which admits of 
satisfactory overhead welding. 

If several welders are employed on the same seam, its 
length should be equally divided among them, the 
welders working in one direction only, never in opposite 
directions. 

Welded seams should never be left unfinished at the 
completion of each day’s work as the temperature may 
be different when the work is recommenced and this may 
detrimentally affect the quality of the weld. 

(c) Welding on of Flanges.—The usual method of 
joining flanges is by butt welding. The flange collar is 
machined in such a manner so that the edges to be 
welded together are of the same thickness. If the edges 
are not of the same thickness, the welding flame must be 
directed chiefly on the thicker material, otherwise the 
dissipation of heat will prevent proper fusion. 

For piping where high pressure is not involved, satis- 
factory joints can be made by sliding flanged rings over 
the pipe, these being secured by a light fillet weld or a 
corner seam welded to the pipe from the front. 

It often suffices to make a flanged joint in the following 
manner : 

Flanged rings are fitted so that they slide over the pipes 
and are held in position by the means of pipe hangers. 
Small flanges may then be formed on the ends of the pipes 
with the aid of the welding blowpipe, and the joint 
completed by bolting the rings together. It is optional 
to weld flanges which are already rolled or screwed to the 
pipe, but rolled flanges should be rerolled in order to press. 
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Table 1—Welding Time and Gas Consumption 
Pipe Welding 
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5 /¢s-In. Thickness 


Welding time for 1 foot seam in min... .. 


Total gas consumption in cubic inches C:H:: O, = 1:1, | RIE ey 
(For thickness '/s in. or greater right-hand welding should be used instead of left-hand shown in sketches.) 


1/-In. Thickness 


Welding time for 1 foot seam in min.. 


Total gas consumption in cubic feet C,Hy:0; = 1:1,1. «Sage. fate 
3/y¢-In. Thickness 


Welding time for 1 foot seam in min... .. 


Total gas consumption in cubic feet C,H: O; = 1:1, 1. gE 
5/\s-In. Thickness 


Welding time for 1 foot seam in min... .. 


Total gas consumption in cubic feet C.Hy:02 = 1:1,1. ohh 2 ee eae 
3/s-In. Thickness 


Welding time for 1 foot seam in min... . 


Total gas consumption in cubic feet CsH2:0, = 1:1, 1... ECS 3 


1.8 2.5 3* 2 i Y 3 
600 780 980 670 915 980 
3.1 3.4 4.9 4.9 4.6 4.3 
* 1.3 1.9 2 ey i.8 
3.4 5.2 6.4 6.7 6.7 ( 
2 2.6 3.8 4 3.9 
5.5 8.5 7.6 9 8.8 8 
4.8 7.8 7 8 8 7 
6.7 11 8.5 10.4 10.5 9 
10 16 12 15.2 5.2 13 


Note: Metal edges to be welded are tacked every 8 in. Gas consumption equals acetylene plus oxygen. 


* This column represents overhead welding. 








flange and pipe tightly together as after welding the 
pressure is partly lost owing to the effect of the heat. 
Welded-on flanges are cheaper and have a longer life than 
rolled-on riveted flanges as they do not corrode so 
quickly. 

(d) Welding of Branch Lines.—Branch lines should be 
cut to saddle shape by means of the oxyacetylene cutting 
blowpipe before proceeding with the welding. When 
the branch line has been prepared, the aperture for it may 
be made by cutting a hole in the main line with a cutting 
blowpipe. The branch line is welded to the main line 
by means of a fillet joint. If the use of the main branch 
line cannot be suspended, the branch line is welded on 
without cutting out the aperture. The aperture can 
then be cut out at an opportune time by the cutting 
blowpipe. 

Before cutting this aperture out, a welding rod should 
be fixed to the center of the part to be cut out to prevent 
it falling into the main pipe. In order to avoid the 
formation of vortexes, the sharp edges should be rounded 
off. This is obtained by gradually widening the branch 
lines and welding them to the main line or by cutting an 
elliptical hole in the main pipe and, while the edge is 
heated by the blowpipe, it is drawn out to form a lip. 
In this way the branch pipe can be welded to the main 
pipe by means of a simple circumferential seam. This 
method has several advantages over the method of 
welding branch pipes into and on to the main pipe. 
When welding small diameter pipes, such as drain pipes, 
on to main pipes with thick walls, the work will be 
simplified by cutting a conical hole in the main pipe with 
the summit pointing outward and its angle being as flat 
as possible. In this manner the thickness of the ma- 
terial is reduced to an appreciable extent at the welding 
point, thus the thin-walled branch pipe can be welded on 
to the main pipe and a superior joint is obtained owing 
to the edge of the main pipe, i.e., the thick material being 
sufficiently heated. 

_(¢) Installation of Pipe-Lines.—When installing pipe- 
lines, care must be taken to allow for free expansion and 


contraction of the pipe caused by changes in the tempera- 
ture without overstressing. This is done automatically 
with pipes that change their directions several times, 
but it is more difficult with straight pipe-lines or with 
underground pipe-lines, and in these cases expansion 
devices have to be placed between the two ends of the 
pipes by means of welding. 

When installing pipe-lines, the heat of the sun has to 
be taken into consideration. 

Care should be taken to see that the pipe-line supports 
are equally distributed. 

Welders should not work in the heat of the strong sun 
as they cannot get a clear vision of the weld (they should 
be provided with sunshades). 

When there is heavy rain or violent wind, protection 
from same should be provided for the welders. 

Welders should be supervised by an expert. The 
efficiency of the welders should be tested by unexpectedly 
examining the welds. 


Calculations for Welded Pipings 


Calculations of welded pipes can be made by recognized 
rules; assuming efficient welders are employed, the 
strength of the weld will be 70 to 80% of the strength of 
the metal. 

If the welded seam is built up by an excess of filling 
rod (about 25% of the metal’s thickness), the welded 
seam will have the same strength as the other material. 
Seams of increased strength can be obtained by using 
special filling rods. 

Elongation of the welds of rather thick material is 
appreciably increased by hammering immediately after 
the welding at the welding temperature. Oxyacetylene 
welds treated thus, and made by expert welders, can be 
calculated by a coefficient of quality of 90 to 100%. 


Economical Points 


A very great saving of cost is obtained both in the 
manufacture and installing of the pipe-lines. 
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The cost of manufacture of oxyacetylene welded pipe- 
lines, for water services, turbine pipe-lines, gas pipes, etc., 
is much cheaper than seamless or water-gas welded pipes, 
because the oxyacetylene process is simple and cheap and, 
therefore, no great outlay or investment of capital is 
required for the plant. 

A further saving is made because of the reduced cost 
of labor, etc., in installing these pipe-lines. The sections 
are placed one after the other in position and then welded 
on the spot. 

Welded pipes are also used for steam pipes suitable 
for a pressure of 150 atm. owing to their low cost for 
upkeep. The circumferential seam replaces the expen- 
sive flange joint and the pipe-lines can be installed in 
less time than that taken by any other system of joining. 

Alterations on welded pipe-lines can be quickly ac- 
complished. Spare pipes are unnecessary because re- 
pairs can be quickly carried out. 

The economy achieved by oxyacetylene welding is so 
great that it is difficult to say a definite percentage, but as 
a guide it may be taken that in the construction of oxy- 
acetylene welded pipes, a saving up to 30% is achieved 
over the older methods of manufacturing pipes. 

In the laying down of oxyacetylene jointed pipes, the 
saving is as high as 50% of the cost of older joining 
methods, without taking into account the saving realized 
through the pipes not needing any repairs. 

Provided expert welders are employed, there is no 
doubt whatever about the economy and efficiency of 
welded pipe-lines and it is certain that before long the 
older method of joining pipes will become obsolete. 








DISCUSSION 








WELDING CARBON STEEL OF 0.50 AND OVER 


Are 


'R. D. Tuomas, President, R. D. Thomas and Com- 
pany: ‘‘When welding high-carbon steel with the electric 
arc, the high carbon in the electrode makes a very un- 
stable are due to the oxidation of the carbon in its passage 
through the atmosphere. It is, therefore, essential that 
high-carbon electrodes be coated or flux covered by a 
material which thoroughly protects the molten stream 
from oxidation. Furthermore, it is necessary to use 
reversed polarity in order to obtain a smooth and non- 
porous weld metal deposit. 

“Considerable welding on railway systems is done 
with a bare electrode having carbon from 0.90 to 1.10 
with the expectation that 40 to 50 points of carbon will 
be lost in its passage through the arc. The writer does 
not think that this practice of using a bare electrode for 
high-carbon work is advisable.” 


Gas 

E. M. Evvietu, Engineer, The Bastian-Blessing 
Company: “Steel of the above carbon content or over is 
susceptible to hardening. The rapid heating, due to 
contact with the preheat flame and to the heat of com- 
bustion of the steel during cutting and the subsequent 
rapid chilling of this heated aréa by conduction into the 
base metal, will cause excessive strains along the line of 
the cut resulting in hair-line cracks running into the base 
metal. This can be overcome by preheating the base 





metal to a temperature of about 1200°. The preheating 
will not only eliminate the cracks but will also reduce the 
oxygen consumption to a considerable degree.” 


Resistance 


R. S. Donatp, Thomson-Gibb Electric Welding 
Company: ‘‘Rock drills of steel varying in carbon con- 
tent from 0.60-0.110 are welded by the flash welding 
process. The drill bit is welded to the shank and then 
reheated in the welder to eliminate the chill line and 
packed in slacked lime to refine the grain structure. 
This procedure is followed as it is inconvenient to nor- 
malize in a furnace due to the 7-8-ft. length. Drills 
manufactured or repaired in this manner will drill from 
170-370 ft. and breaks are outside of the weld and due to 
fatigue of metal. The footage depends on type of rock 
being cut. 

“High-speed twist drills are welded to nickel steel 
shanks by the flash process arid packed in a furnace and 
allowed to cool with the furnace for about twelve hours 
to normalize and refine the grain structure.”’ 

H. A. Woorter, Swift Electric Welder Company: 
“High-carbon steel of 0.50 and over should be flash 
welded in the shortest possible time and then annealed or 
neutralized to relieve local strain. This is usually done 
in the case of high-carbon cutters, reamers, drills, etc., 
by welding the parts by the flash method, then immedi- 
ately putting the work in an annealing furnace near by. 
On small work such as band saws, piano wire, flat spring 
stock, etc., the annealing may be done right in the weld- 
ing machine by unclamping the work after welding, 
moving the jaws farther apart and then by means of the 
control switch, bring the work up to the color pattern 
required for the particular metal being used.”’ 


WELDS SUBJECTED TO IMPACT 


Are 


A. F. Davis, Vice-President, The Lincoln Electric 
Company: ‘‘A spectacular demonstration of the strength 
of welds made in a shielded arc was noted recently when 
welded pipe, used as piling, received 40 strokes with a 
5000-Ib. hammer without fracturing. 

“The piling was driven by The Western Foundation 





Fig. 1—Welded within a Shielded Arc, This Piling Withstood 4) 
Blows of a 5000-Lb. Hammer 
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Fig. 2—Longitudinal Seams in These 12-Ft. Lengths of 24-In. 
Diameter Pipe Were Welded in 20 Min. Circumferential Seams 
Welded in 8 Min. 


Company of Chicago for the new building of the Cincin- 
nati Times-Star. Piles were driven to a depth of 72 ft. 
with the driver shown in Fig. 1. Often, after the piles 
had been driven 18 ft., they were straightened to a 
plummet, necessitating a further strain upon the welds. 
In no case were breaks or flaws discovered after the 
terrific hammering and straightening. 

“The pipe was fabricated from steel of 1/2 in. thickness 
and the sections are 24 in. in diameter, and 12 ft. in 
length. Longitudinal seams were welded with the 
shielded are process at the rate of 36 ft. an hour. The 
pipe was prepared for welding with a single bevel of 30 
deg. 

“The 12-ft. lengths were then fused into 36-ft. sections. 
The pipe was given a single 30° bevel and placed upon a 
rotating fixture. The circumferential welds were made 
in a total time of eight minutes. The pipe is shown in 
Fig. 2. 

“The United Welding Company of Middletown, Ohio, 
has fabricated about three miles of this piling using our 
covered electrodes. For this work 5/,-in. diameter 
electrodes in the special 18-in. length is used. This 
allows high speed welding and produces a connection 
with a tensile strength of 60,000 to 75,000 Ib. per sq. in., 
ductility and resistance to corrosion greater than mild 
rolled steel.” 

Gas 

CHARLES KANDEL, General Manager, Craftsweld 
Equipment Corporation: “It is a common practice 
among contractors in this territory to drive steel piles, 
generally consisting of new or used pipe varying in 
diameter from 6 to 24 in., to either roll-weld two or more 
sections together before driving or drive one section to 
near the ground level, then superimpose a second section, 
aline it, weld it in position and continue driving, adding 
and welding additional sections as may be necessary. 

“I know of several welders who have been engaged in 
this type of work and they all report to me that in only 
rare instances do such welds break in the course of 
driving. Every one of these men, of course, are expert 
welders.”’ 

E. M. Evietn, Engineer, The Bastian-Blessing Com- 
pany: 

“The fracture of weld joints in 16-in. steel tubular 
piling was overcome by the use of a high grade vanadium 
steel welding rod and by the annealing of the weld zone 
alter completion of the weld. Previous attempts to 
eliminate this difficulty, by means of reinforcing straps 
located at intervals and spanning the weld, were un- 
successful. The reheating of the weld zone was done by 
the use of a kerosene preheating torch and a special hood 
or duct surrounding the point at the weld zone. The 
joints were reheated to a dull red heat and permitted to 
cool slowly by covering with asbestos paper. After 


adopting this method, several hundred weld joints were 
completed without a fracture in the weld, although 
frequent breakage was experienced in the pipe weld itself 
at a considerable distance from the weld line.’’ 

R. S. Donatp, Thomson-Gibb Electric Welding 
Company: “‘Seam-welded pile shells of mild sheet steel 
stand up satisfactorily in some cases driven as deep as 
24 ft. The sheet crystallizes and breaks in test before 
weld will let go. The shells are driven by use of a core 
which expands against the shell wall when the hammer of 
the pile driver strikes the end of core. After the shell is 
driven below the surface the strain is relieved to a great 
extent by the back pressure.”’ 

H. A. Woorrter, Swift Electric Welder Company: 
“Welds subject to impacts have been made for many 
years in high-carbon steel, such as in rock drills, welding 
the faces on to track hammers for driving railroad spikes, 
welding peens on to blacksmith and carpenter's hammers, 
welding the cutting edges on to axes and hatchets, weld 
ing high-carbon steel bits on to mild steel shanks for 
chisels, etc. When the stock is about 0.40 carbon or 
higher, it should be annealed or neutralized.’’ 

CONNECTIONS IN COPPER PIPE 

I. T. Hook, Research Engineer, The American Brass 
Company: “In reply to your inquiry as to the desira 
bility and durability of welding copper pipe having wall 
thickness of No. 12 gage and heavier, I wish to state that 
several things are apparent when one starts to make 
welded or brazed connections in copper pipe. 

“1. Source of Heat.—In general it is necessary to use 
the oxyacetylene blow torch whether the connection be 
a true weld or a braze. It is desirable, however, to use 
the acetylene atmospheric-air torch for soft soldering and 
the same may also be used for silver soldering. 

“The metallic or carbon arc is difficult to apply and 
will not be discussed herein. 

“2. Butt Welds or Brazes.—In the second place, the 
90° single vee, fusion butt weld which has become so 
familiar to workers on steel pipe is almost out of the 
question with copper pipe. The reason is that the copper 


Fig. 1—Taper-Weld Line Connection 
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Fig. 2—Taper-Weld Tube to Fitting 
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is more fluid than steel when in a condition to be fusion 
welded and the large flame required to overcome the heat 
conductivity of copper makes control of such a weld 
difficult. 

“It is possible for a skilled bronze welder to make a 
butt braze or weld in copper tube where the weld metal 
melts at a lower temperature than the copper and the 
latter is not fused but brought toa red heat only. Tobin 
bronze and Oxweld 25 bronze are welding rods illustrative 
of this type of weld metal. 

“These metals are, however, very fluid when molten 
and a high degree of skill is necessary to prevent the 
molten bronze from dropping into the tube. For this 
reason we prefer a lap braze as illustrated in the taper- 
weld connection described below, 

“3. The Taper-Weld Connection.—Briefly described, 
the taper-weld connection consists simply of the ex- 
panded end of the copper tubing and a male taper on the 
fitting. Figure 1 depicts a line connection while Fig. 2 
shows a connection made to a fitting. 


“The weld metal may be silicon copper, Everdur, 
a yellow bronze such as Tobin or Oxweld 25, silver solder 
or Silfos. All of these weld metals will develop the full 
strength of the copper tubing in a longitudinal pull. 

“Normally, I would prefer to use a yellow bronze put 
on with the oxyacetylene torch without fusion of the base 
metal. In situations where the yellow bronze would be 
unsuitable owing to its zinc content (as, for instance, in 
salt water), a fusion weld can be made with the silicon 
copper or a semifusion weld with the Everdur. 

“4. Cracks, Brittleness, Vibration.—In the letter of 
inquiry it is stated—‘Some claim that in time cracks 
appear next to the weld due to brittleness caused by 
vibration.’ 

“There may be cases where the concentrated stress, due 
to an abrupt change of section (as, for instance, at the 
edge of a high bead), will cause a fatigue crack after a long 
period under vibration. The remedy for this is to so 
clamp the pipe as to damp the vibration or to arrange the 
connection with a more gradual change of section.” 











SAFETY KINKS 








Some Factors to 
Consider in Safely 
Applying Welding 


+Mr. Fetherston is Manager, Technical Publicity Dept., 
The Linde Air Products Company. 


NALYSIS of a number of accidents that have 
involved the various welding and cutting proc- 
esses indicates that a large percentage of these 

occur, not because of any circumstance that involves 
the process itself, but because of conditions external to 
the process but surrounding its application. 

The commonest of these, of course, is that involved in 
applying welding in the repair of closed containers that 
may have contained flammable liquids or gases. It has 
been repeatedly emphasized that such a container should 
always be thoroughly flushed with live steam, cleaned 
with some dependable and thoroughly adequate cleaning 
solution or, best of all, that the container be filled com- 
pletely with water and repaired while in this condition, 
provision, of course, being made for venting so that 
excess steam pressure or air pressure will not be built up 
by the heat of the welding operation. 

Another frequent example of contingent hazard arises 
through permitting sparks from oxyacetylene cutting to 
fall upon some material that is readily flammable. It is 
elemental, of course, that both the oxygen and acetylene 
cylinders as well as a hose be placed in a position where 
neither sparks nor hot metal can fall upon them. This 
should also be true of wood flooring, loose boards, 
shavings, electrical wiring, cloth wastes, especially oily 
or greasy wiping rags, waste oil, drippings from ma- 
chinery and other similar materials. 

Even in buildings provided with sprinkler protection, 








make certain that the sprinkler system has not been shut 
off for some reason, before starting tocut. In anumber 
of cases on record, fires, which would otherwise have been 
insignificant, have caused major damage simply because, 
unknown to the operator, the sprinkler system had been 
shut off for repair. 

The operator and any person who may be in his 
proximity should, of course, be protected and this is 
especially necessary in cases where the cutting process 
is applied to cast iron. 

When welding operations are to be carried on in a 
location where it is possible that flammable gases or 
volatile flammable liquids may have accumulated, 
suitable precautions should be considered before the 
work is undertaken. In repairing a tank or pipe-line 
which has contained oil or gasoline or in a location where 
escaping city or natural gas may have been entrapped, 
every precaution should be taken to prevent introducing 
the heat of the welding or cutting operation before the 
flammable component has been dissipated. 

There are on the market effective indicators which 
will record not only the presence of such flammable gases 
or vapors but will accurately record their percentage 
and their relation to the limit of explosibility for that 
particular gas or vapor. However, if such equipment 
cannot be made available, other means should be taken 
until all doubt about the flammability of the atmosphere 
has been removed. 

Where such conditions exist no work of any kind in- 
volving the use of an open flame or heat, or which might 
cause sparks, should be allowed until the location has 
been pronounced safe by some one in authority. 

It would seem that it should be unnecessary to 
record a caution against such obvious possibilities. 
The fact, however, that such combinations of circum- 
stances result from time to time in accidents, would 
seem to indicate the desirability of placing a warning 
before those who might have occasion to be involved 
in such conditions. 

It should be borne in mind, however, in considering 
them that these conditions are hazardous in themselves, 
that the operation of gas or electric welding equip- 
ment in their vicinity might only serve to be the final 
contributing factor to an accident and that any other 
heat producing agency, a faulty electrical contact, 2 
spark from a hammer, cold chisel or even a workman s 
shoes would have the same effect. 
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Repair of Aluminum 


Crankeases 
By A. F. DAVIS 


+Mr. Davis is Vice-President of The Lincoln Electric 
Company. 


N INDIANAPOLIS firm having many cracked or 

broken aluminum crankcases to weld has worked 

out a procedure which has proved highly satis- 
factory. 

Where a section of the crankcase is cracked as shown 
in Fig. 1, the first operation is to burn out the crack with a 
3/-in. coated electrode. The sides of this hole are 
then cleaned thoroughly and a copper backing strip 
clamped on the inside of the casing over the area to be 






COPPER. 


BACKING 
STRIPS 


Welded. The welding consists of depositing three beads 
of Aluminweld, one along each side of the opening and 
the overlapping bead in the center. 

_Ifa hole has been punched in a crankcase as shown in 
Fig. 2, the same procedure is followed except that it is 
hot necessary to do any burning out. The beads are 


~ consecutively around the circumference of the 
iole. 


Three-sixteenth Aluminweld, manufactured by our 
company, is used with maximum heat. 

This method has proved more satisfactory than 
either veeing out the crack or laying beads on top of it, 
as the chance of setting up internal stresses that may 
result in new cracks is greatly reduced. The procedure 
outlined also reduces the machining or grinding opera- 
tion and gives the finished work a much better appear- 
ance. 


Welding High 
Manganese Steel 
By OWEN C. JONES 


+Mr.’ Jones is connected with the Technical Publicity 
Department of The Linde Air Products Co. 


HE wear-resisting properties of steels containing 

a high percentage of manganese are so satisfactory 

that these steels are being used with increasing 
frequency for many parts that are subjected to excessive 
shock or abrasion. Due to the extremely severe duty 
expected of such alloys, they are frequently subjected 
to overloads which are too great to be withstood even 
by these tough alloys. The constant abrasion which 
these steels often encounter eventually results in wearing 
away of the steel to the extent that building up of the 
worn surface becomes necessary. Consequently, the 
repair and rebuilding of manganese steel parts is a sub 
ject of interest in many industries. 

The manganese steel most commonly used for re 
sistance to shock and abrasion has a managanese content 
of from 12 to 14 per cent and is commonly called Had 
field steel. Hadfield steel has a higher coefficient of 
expansion and lower thermal conductivity than has 
plain carbon steel, properties that must be constantly 
kept in mind during welding, because subsequent shrink 





Such Equipment as This Huge Manganese Steel Dipper Is Often Repaired 
by Welding 
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age may crack the metal. Since the welding of Hadfield 
steel differs from that of plain carbon steel, a summary 
of the proper procedure control for welding manganese 
steel castings by the oxyacetylene process should prove 
of value. 

Manganese steel castings require heat treatment in 
order to develop their desirable physical properties. 
When first studied, the problem of welding this steel 
presented difficulties because the high temperature 
involved tended to change the physical nature of the 
metal somewhat and also nullified the effect of the 
original heat treatment. However, careful investiga- 
tion proved that it was possible to weld this alloy pro- 
vided the proper procedure was carefully followed. 

To prepare a casting for welding, the edges should be 
beveled to a 90-deg. total vee. This should be done 
either by grinding or by cutting with the oxyacetylene 
blowpipe. If cut by the latter method, the edges should 
be ground or pickled to remove any adhering oxide. 

The casting should then be prepared for welding by 
preheating in a manner similar to that used for ordinary 
cast iron. Large castings should be heated slowly in a 
charcoal-fired preheating furnace made of bricks, while 
for small castings a kerosene preheating torch or the 
welding blowpipe may be used. Since manganese steel 
is brittle in the temperature range of 450 to 1000 deg. C., 
the work should be carefully supported during preheating 
and welding. Welding should be done in the preheating 
furnace, care being taken to protect the casting from 
drafts or sudden chilling while hot. If preheating is 
done with the welding blowpipe, the casting should be 


protected by covering it with sheets of asbestos paper. 
A 12 per cent manganese steel welding rod should be 
used. The blowpipe flame should be adjusted to show a 
slight excess of acetylene. 

A comparatively large welding tip should be used and 
a fairly large puddle of melted metal should be main- 
tained continually. The rod should not be rubbed in 
the weld; the end of the rod should be kept under the 
surface of the puddle and the blowpipe flame applied to 
melt the rod in the puddle of molten metal. When the 
puddle has been built up sufficiently, it should be melted 
in the base metal by directing the flame around the edges 
until the weld metal and the base metal flow together 
through their own fluidity. Care must be taken, how- 
ever, to avoid building up too large a puddle, because it 
may flow over onto the solid metal with the result that 
there will be no fusion between the weld metal and the 
base metal. 

If the weld may be required to withstand a con- 
siderable amount of stress the entire casting should be 
reheated to a uniform temperature of about 1060 deg. C., 
held at this temperature for about 30 min. and then 
quenched in water. Pouring water on the heated metal 
is not sufficient; for proper heat treatment, the casting 
should always be entirely immersed in the water. 

A sound weld made under these conditions will give 
satisfactory results where an unusual amount of strength 
in the welded part is not required; it will be entirely 
satisfactory for resistance to abrasion and to a consider- 
able amount of shock, which is the reason for using this 
alloy. 
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1933), vol. 58, no. 2, pp. 165-172. Progress made in structural 
welding design and technique; compilation of fundamental data 
relating to nomenclature, design, specification and inspection of 
structural steel Welding. Bibliography. 

Tanks. All-Welded Cotton Seed Storage Tanks, M. L. Rogers. 
Welding Engr. (Jan. 1933), vol. 18, no. 1, pp. 30-31. Design and 
construction of ventilated tanks for storing cotton seed, as erected 
and welded in field by J. B. Klein Iron & Foundry Co.; 80 ft. in 
diam. and 79 ft. 2 in. in height. 

Testing. Modern Weld Testing, J. B. Green. 
(Jan. 1933), vol. 18, no. 1, pp. 25-27. 

Tubes. Unique Forming and Welding Operations, F. L. Pren- 
tiss. Iron Age (Feb. 2, 1933), vol. 131, no. 5, pp. 198-201 and 
(adv. sec.), p. 20. Continuous automatic tube forming and weld- 
ing machine used by Midland Steel Products Co. Cleveland, for 
manufacturing steel tubing for automobile axle housings. 


Welding Engr. 


Tubes. Manufacture and Manipulation of Electrically-Welded 
Steel Tubes. Machy. Market (Jan. 27, 1933), no. 1682, pp. 23-25 
Tubes. Works of Tube Products, Ltd. Engineer (Jan. 27, 


1933), vol. 155, no. 4020, pp. 88-89. 

Vacuum-Tube Control Applied to Spot Welding Equipment, 
E. U. Lassen. Welding Engr. (Jan. 1933), vol. 18, no. 1, pp. 28-29. 
Automatic timing control for spot-welding machines by means of 
tube timer built by Cutler-Hammer. 

Welded Steel Structures. Using Tubes as Structural Members 
1, A. F. Burstall, H. Kenney and R. A. Smith. Welding Engr 
(Jan. 1933), vol. 18, no. 1, pp. 21-23. 

Welding Practice, A. G. Walker. 
(Jan. 6, 1933), vol. 126, no. 3384, p. 5. 

BOOKS 

Designing for Arc Welding. Book containing prize-winning 
papers submitted in the recent Lincoln Arc-Welding Prize Compe- 
tition. Consists of approximately 450 pages, divided into five sec- 
tions as follows: Part I—Machinery; Part II—Shipbuilding; 
Part I1I—Buildings-Bridges; Part IV—-Large Containers; Part 
V— Piping and Fittings. 


Iron and Coal Trades Rev. 














WITHIN THE REACH OF MILLIONS 
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HE most valuable things on earth are 
the commonest things. Gifts of Mother 
Nature — air, rain, sunlight and colors 
in the sky, grass underfoot and foliage over- 
head. Gifts of human nature — love, loyalty, 


handclasps and friendly speech. 

Then, of material things, some of the most 
useful are the commonest and cheapest. 
These we almost take for granted. There is 
no way to reckon their actual worth. 

It is a great tribute to the value of the tele- 
phone that within a few short generations it 
has come to be ranked among these com- 
mon things. Its daily use is a habit of millions 
of people. It speeds and eases and simplifies 
living. It extends the range of your own 
personality. It offers you gayety, solace, se- 
curity — a swift messenger in time of need. 

Daily it saves untold expense and waste, 
multiplies earning power, sweeps away 
confusion. Binds together the human 
fabric. Helps the individual man and 
woman to triumph over the complexities 
of a vast world. 

You cannot reckon fully the worth 
of so useful and universal a thing as the 
telephone. You can only know that its 
value may be infinite. 
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